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CHAPTER 1I
EXECUTIVE SUMMARY

INTRODUCTION

This executive summary highlights the results of a two year joint study by
the U.S. Navy and the U.S. Coast Guard. The purpose of this study was to ad-
dress the feasibility of using modern Lighter~Than-Afr (LTA) vehicles in U.S.
Coast Guard maritime patrol operations. The Maritime Patrol Airship Study
(MPAS) was conceived as a first-order systems application study. It is intended
that the results serve as data inputs to on-going Navy and Coast Guard LTA
programsl. The principal elements of the study were as follows:

1. Mission Requirements and Rationale

2. Mission Analysis an? Effectiveness

3. Vehicle Sizing and Parametrics

4. Estimated Life Cycle Costs (LCC) 2rd Logistics

5. Vehicle Case Studies
BACKGROUND

Historically airships are categorized by three different approaches to the
hull structure: rigid, semi-rigid, and non-rigid. This study concentrates on
non-rigid airship designs since their performance abilities match the Coast
Guard mission requirements.

The potential of airships for coastal patrol operations 1s based upon
demonstrated capabilities. The following fgatures typified airship operations

?

by the U.S. Navy throughout World War II » * and the Cold War years5 fol-
lowing:

Long Endurance

Comfortable Crew Accommodations
Stable, Low Vibration Semsor Platform
Low Installed Power Requirements
High Degree of Survivability

High Fuel Efficiency

High Availability

- Broad Weather Envelope

With the recent advent of the Coast Guard's 200 mile coastal patrol zone
these same features appear highly desirable. Recent cechnology studies®™32
and professional meetings®3~38 indicate that state-of-the-art materials, struc-
tures, propulsion and flight controls make modern airships viable for long
endurance multi-mission applications.

I-1
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The remewed develcpment of moderan airships has been hampered by the per-
ception of some that alrships are large and uawieldy, vulnerable to both damage
and the enviromment. Much of this opinion 1s based upon misconception. The
facts are:

1. Airships do not burst like balloons when puuctured. Holes of many
square meters are necessary to rapldly bring down an airship. Vital components
are widely spaced.

2. Under normal operating conditions airships do not need hangars at each
airship base. Initial erection and major overhaul raquire hangar facilities but
at the operational bases airships can be maintained outdoors at fixed or mobile
mooring masts. :

3. Modern ground handling equipment minimizes the size of the ground crew.
With a hover cagpable airshig the ground handling operations should be performed
by a crew of less than teal3s 27,

4, A modern airship should be no more vulnerable to adverse weather than
modern aircraft. Historical operations have shown that airships can maintain
station in extremely severe weather,

STUDY ASSUMPTIONS

Based on the past performance of airships and the infusion of modern tech-
nology for propulsion, structures, materials, and flight controls, the attri-
butes of ailrships assumed for MPAS are:

- Hover Capable

90 knot max speed

Vertical Takeoff or Landing

Able to Tow (sensors and vessels)
Broad weather envelope

- Low power requirements

t 1

The lifting gas presumed for all vehicles is 95 percent pure helium39,
In the interest of expediency, the avionics and sensor suiltes for the conceptual
designs were not optimized for airship use but were assumed to be the same as
those designed for the Coast Guard's HU-25 jet aircraft intended for medium
range search operations.

SCOPE

The emphasis of this study has been on the determination of the suitability
of LTA platforms in performance of curreant Coast Guard operations. Considera-
tion has been given only to operations as they are currently being performed in
a maunuer consistent with the utilization of the Coast Guard's available air and
sea assets. No consideration was given to missions that required handoff of
operations from one airship to another or to another platform type. Nor was
consideration made of operaticas requiring refueling or remanning of the air-
ship; both of which are fearible and coneistent with past airship operations.

I-2.
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)
If a mission was expected to exceed the capabilities of a single airship, it was
) not evaluated as part of this anulysis.
APPROACH
Because of the broad scope of this study, a general approach was required.
Potential missions were identified under the existing Coast Guard program struc-
) ture. These missicns were then subdivided into a set of mission segments or of
tasks. These tasks were generic in nature and realistic missions were composed
by selecting the required mix of tasks. This approach provides a broad but
systematic method for evaluating airships for Coast Guard missions. The em~
phasis is not on detailed task analysis but rather on the multi-mission effec~
tiveness. The most Important aspects of the approach are the determination of
] the total airship force level requirement and the missions that airships can
perform.
ANALYSIS
To approach this effort, a review of existing Coast Guard operations was
] undertaken, The Coast Guard's operations are organized into thirteen pro-
grams“o' 32, 0of these, with the assistance of Coast Guard operational person-
nel, the following eight were identified for possible airship participation:
1. Short-Range Aids to Navigation (A/N)
) 2. Euforcement of Laws and Treaties (ELT)
3. Marine Envirommental Protection (MEP)
4., Military Operation/Preparedness (MO/MP)
) 5. Marine Science Activities (MSA)
6. Port Safety and Security (PSS)
' 7. Search and Rescue (SAR)
) 8. Ice Operations (I0)
After review of these programs, the important features of airship utiliza-
tion can be summarized for each of these programs as follows:
A/N Program
4 Airships could be utilized for:
1. Discrepancy Reporting
- After severe weather, survey for lost, disabled, and displaced btuoys
'
{
' I-3
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2. Buoy Placement
- Through precise navigational techniques, mark placement of buoys
3. Logistics Support
ELT Program
Airships can be used for:
l. Drug Enforcement
2. ¥isheries Enforcement
Airships can provide:
1. Combined Characteristics of Ships and Aircraft
- Higher speed than ships
- Not affected by sea state and corrosive enviromment

- High sweep rate due to speed and altitude

Long endurance

- Slow speed and hover capability

Ability to board
2. Presence
3. "Hot Pursuit" Capability
MEP Program
Airghip participation in MFP ocperations can include:
1. Surveillance
- Including sea water sampling
2. Logistics Supply
- Delivery skimmers and large pumps

- Not limited by sea state

L]

¢

()

‘\
I-4
2
g™
‘v 2 ey




NADC~-80149-6C

3. Command, Control, and Communications Platform for Large Clean-Up
Operations

- Provide illumination for night time operations

MO/MP Program

Potential mission areas for airship participation in MO/MP operations are:

- Patrol

Anti-submarine Warfare (ASW) sonar and sonobuoy surveillance/attack

Ocean Industry Protection (OIP) surveillance/inspection

Convoy Escort

Logistics and supply

Inshore, undersea warfare

NOTE: While the MO/MP Program does not have dedicated assets, operations would
typify past airship military roles.

ﬁg& Program
There is potential for airship utilization in the following MSA operations:
1. International Ice Patrol (IIP)
~ Has high endurance and pa&load capability
- Legs coustrained by poor visibility and ceiling than HC-130
2. Airborme Radiation Thermometry (ART)
- Has high endurance and payload capability
- Instrumentation can be isolated from heat and vibration sources
~ Safe low altitude (500 feet or less) platform
3. NOAA Data Buoy Office Support (NDBO)
~ Investigation of disabled buoys
~ Search for drifting buoys
4. Miscellaneous

- Ferrying cargo and personnel

I-5
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- derial photography

- Enviromment survey

PSS Pregram

For the PSS program the following missions have been identified for airship
utilization:
1. Escort of vessels carrying hazardous cargoes
~ Station keeping in vicinity of vessel
- Large area surveillance
- Direct communication
- Quick response
2. Port traffic control .
- Mini-Veggel Traffic Services (VTS)
~ Simultaneous obgservation, command, control, and communications
platform -
- Quick respouse
: 3. Provide fire fighting equipment
-~ Logistics support B
~ Command and coatrol )
SAR Program

Airship utilization has been considered for long range rescue operations

ten miles or greater from the shore. Airships could be particularly useful for -

such operations because ailrships:

1. Have high sweep rates

2. Provide evacuation capability -

3. Can deliver large payloads )

4. Can be used fur boarding vessels

5. Can tow vessels in distress

6. Possess long endurance ability ’

P
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I0 Program

The airship has great potential for Aerial Ice Reconnaissance {AIR) opera-
tions of the IO program since this platform:

1, Would have sufficient range to survey most areas
2. Will utilize Side Looking Airborne Radar (SLAR)
3. Should be capable of carrying the Radar Image Processor (RIP)

) Mission Analysis .

For each of the eight programs, realistic missions were identified. Each
mission was keyed to an actual Coast Guard operation, in most cases involving
more than one asset (for example helicopter and cutter). These wissions for all
elght programs total 264 mixed~task missions. In order that conceptual vehicles
could be formulated it was necessary to provide detalled representative profiles

) for each program. These representations or script scenarios represented a
median level of difficulty and complexity for each program. These scenari.s
specified each of the uperations in sequence, the parameters associated wit' the
operations (speed, weight, payload, etc.) and the duration of the operation. A
summary of these scenarios 1s given in Table I~-I. The maximum required capa-
bility for each of the parameters is underlined.

Vehicle Sizing and Parameters

Based on the mission requirements specified by the script scenarios, a
computer sizing and performance program was utllized to arrive at conceptu4l
vehicles. The program, Naval Airship Program for Sizing and Performance (NAP-

) SAP)“I, is8 a tool developed by the LTA Project Office at NAVAIRDEVCEN for use
in analyzing model LTA vehicles performing various missions.

The program has been designed to cperate on a minimum of input data (only
five cards are necessary), but has the capability to evaluate the influence of
over 40 key parameters., NAPSAP provides casy parametric analysis for several

N optional levels of detail. Once the design section of NAPSAP converges on a
vehicle which meets the input requirements, this vehicle can then be evaluated
against a specified mission profile with all key parameters monitored at pre-—
selected time intervals.

The data input for NAPSAP was determined primarily by the eight, pre-
determined mission profiles. Variables such as design speed, design altitude,
payload, endurance, and crew size are examples. Other design variables used for
MPAS are based on other recent Navy parametric analyses of mode.n LTA vehi-
cles!3» 27, variables in this category include buoyancy ratio at take-off, Fuil
fineness ratio (length over diameter), number :ad type of engines, and propeller
characteristics.
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) NAPSAP was exercised to arrive at eight conceptual vehicles (one for each
of the different profiles). These vehicles are described in Table I-II. Note
that factors such as payload, design speed, and endurance requirements result in
a wide variety of vehicle sizes for different requirements.

To continue MPAS, the eight conceptual vehicles were examined to select one
vehicle capable of performing all profiles. It was decided, in the interest of 1
minimiziag vehicle size (cost), that the vehicle sized for the MEP profile was
able to perform all profiles (the MSA profile was flown at a lower altitude). 1
This conceptual vehicle was designated the ZP-X and was used to complete MPAS in '
terms of cost-effectiveness considerations. ZP-X characteristics are shown in
Table I-III.

) Additional analyses were conducted on the ZP-X to explore the effects of
parameter variation. Parameters addressed were design dasii speed, design
altitude, structural weight, and total drag coefficlient. An example of the
resulting sensitivity data 1is presented for design dash speed variation in Table
I-1v.

] Estimated Life Cycle Cost (LCC) and Logistics

The cost estimat.s contained in this study are based upon projections of
historical data, and upon comparison of cost of comstruction and operation of
modern heavier-than-air craft. All of the data used are based upon the extra-
polation of cost data generated in other recent studiest?r 43, 7, 15, 1yo

) costing approaches were used: Life Cycle Cost (LCC) and Standard Rate Cost.
LCC, the total lifetime build-up approach, is emphasized. Standard rate costs,
or costs calculated on an hourly basis for the time personnel or an asset is
utilized, were also calculated. Both approaches were based on current Coast
Guard procedures.

) Based upon an initial estimate of the total Coast Guard mission require-
ments, a potential annual utilization of airships was projected to be 100,000 to
125,000 hours per year. 1t wus assumed that each airship flies 2,400 hours per
year resulting in a requirement of from 42 o 52 airships. A geographic distri-
bution of airships similar to the MRS basing was assumed, resulting in nine
airship bases. If each base has 5 airships, a total of 45 airships for opera- d

) tions would be required. An additional 5 airships would be purchased for
training, research and development and backup, making a total buy of 50 air-
ships.

This study, being a first order study, has not evaluated the real estate
requirements of the airship operations and the analysis of the availability of
) the real estate at the MRS bases., Hangar facilities would not be provided at
each base. Hangars will exist at depot maintenance facilities. Routine main-
tenance would be provided at the mast.

Based upon the current Coast Guard requirem=nt that restricts aircrews to ‘
800 hours flying time a year, it will be assumed that three crews are required
) per airship, and that an airship wiil be utilized for 2,400 flight hours per

| I-9
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TABLE I-ITI

NAVAIRDEVCEN ZP-X DESIGN

VOLUME:
GROSS WEIGHT:

BMPTY WEIGHT:
HORSEPOWER REQU[RED:
LENGTH:

DIAMETER:

STATIC LIFT:

DYNAMIC LIFT:
FINENESS RATIO:
USEFUL LOAD:

BUOYANCY RATIO:

783,690 Cubic Feet

54,554 Pounds

2/,674 Pounds

1,927 (Three Gas Turbine Engines)
305 Feet

69 Feet

46,917 Pounds

7,638 Pounds

4.4

26,880 Pounds

.86

I-11

—— N <> i vt

REIR R oppramwi iy




NADC-80149-60

*spunod $6G%¢ ST Iy3yem ssoid 1ol Ianyea JupTasTy,
*siomy Qg ST DPoads uldjsap 1o anfea uUTTaIs®y |

(4]

6"yt

9°6T+
0

LA XA

0°8Yy—

60T+ 6°6+ S 1[5 S 0+

74+ £+ 6 8T~ 8° L+
0 0 0 0

S ¢ Lo e LT+ S° -

£°9~ L°9- 8- 7e+ 6°2T~

07+

o+

0

01—

0Z-

QIII00Ad WIM0dISAOH

avol Taaasn JHOIAM AldRd dRIL NOISSIH TVIOL JRXTI0A TIOH

INIDWId - SHALAWVIVA X34 NO SIDdddd

dads HSVd NOIsAA
NI 3AONVHD INAD¥Ad

@dddS HSVA NOISHA NI SAONVHD 0L ATOIHIA X—dZ 40 ALIATLISNAS
Al-1I d'HVL

I-12

o e
T et -

oA Sttt gty e




NADC~80149-60

year, This is equivalent to a 27 percent mission utilization. The airship is
assumed to have a 12 year lifetime. Crew size varies from 5 to 13 depending
upon mission duration.

The determination of initfal LCC procurement or acquisition cost was based
upon the following four approaches:

1. Costing based on speed and volume of the airship, using regression
analysis of historical airships. An 80 percent learning curve was used™*?,

2, Costing based on analysis of a modern non-rigid Navy design (ZPG-X)
cost as calculated on a weight basis. An 80 percent learning curve was used!3,

3. (Costing based upon systems weights. Learning curve a function of
system“,

4, Cost estimates of Goodyear Aerospace Corporation for a Maritime Patrol
airship. An 85 percent learning curve was assumed“S.

These approaches to the unit acquisition cost have produced four different
estimates which range from $3.9 to $8.45 million. Based on an analysis of the
four approaches, it was detrrmined that a unit cost for 50 airships is reason-
ably $5.0 million per airship. In addition, facilities cost for both bases and
maintenance facilities including GSE is about $900,000 prorated for each air-
ship, The initial training cost is projected to be $500,00015, Therefore, the
total investment cost is approximately $6.4 millfon per airship.

Of all of the costs calculated, the single largest cost of operatisg the
airship 1s the personnel cost. Depending on crew size (which is a function of
flight duration) and composition, and assuming an 800 hour annual flight hour
limit, the persornel cost varies from $235.38 to $567.88 per £light hour.

The maintenance of an airship is an area in which improvements in tech-
nology will have significant impact. With the increased reliability of systems
and the advent of sophisticated electronic test equipment, there can be little
comparison between the historical airship maintenance requirements and the
maintenance requirements of a modern airship. The additional LCC component for
direct maintenance has been assumed to be $23.20 per flight hour.

Based upon these costs, the LCC prorated on a flight hour basis runs from
$750/FH to $1,150/FH. The difference in the rate depends on the type of mission
in which the airship is employed. For long endurance missiuns, costs increase
because of high crew costs. High speed operations or missions requiring 1lift of
heavy payloads consume fuel at a higher rate and are, therefore, more expensive.

An alternative approach to calculating the cost of performing a Coast Guard
mission is thrcugh the use of the Standard Rate Calculation. In this approach
the costs are calculated on an hourly basis for the time personnel or an asset
18 utilized. Uring the standard rate method, the airghip's cost may vary from
$446,01 to $654.28 per flight hour. This compares to the rates of $912.20 for
an HH-3F, $614.90 for a HU~16E, $893.91 for a HC-130H, and $448.30 for a WMEC-
210.

I-13
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Vehicle Case Studies

It was deemed desirable to have some means of comparing the in-house
vehicle analysis with independent thinking. Goodyear Aerospace“6 and Bell
Aerospace“7 were provided identical mission profile data to that used for in~
houce analysis from which to size vehicles. Results could then be overlaid with
the SAVAIRDEVCEN ZP-X to examine similarities (or lack thereof). The resulting
designs were found to be in good agreement. Table I-V provides a side-by-side
comparison of the three conceptual vehicle designs. TFigures I-1 and I-2 present
the Goodyear and Bell vehicles.

The NAVAIRDEVCEN ZF and Goodyear ZP3G employ a three-engine configuration
with aircraft propellers while the Bell platform uses a four-engine approach
with tilt-rotors. All are designed to provide precision hover helicopter-style
via the use of vectored propulsive thrust. Bell chose to avoild the traditional
operational practice of recovering ballast (usually sea water) to trim the
vehicle by utilizing large amounts of reversible thrust on the four tilt-rotors.
Since in this design less of the total lift was static buoyancy, power required
was increased.

It should be noted agair that these vehicles were designed to USCG missions
of no more than 35.5 hours of endurance. As demonstrated in past operations,
airships are capable of much greater endurance.

:tiveness Results

As previously stated, discussions with cognizant Coast Guard personnel

lted in a total of 264 missicn profiles being identified for potential

ship utilization. On the basis of the computer analysis, the ZP-X ailrship is
able of performing 211 of these profiles. Of the 53 profiles beyond the
ability of the airship, 43 are associated with the Military Operations/
titary Preparedness Program. Because of the contingency nature of the MO/MP
ogram, the specification of these profilea was not based upon existing opera-
.ons but, rather, preliminary estimates of the airship capability.

For the remaining 211 profiles there 1s an expected requirement of 12,860
orties. This translates intc a potential for using airships 183,000 hours a
sear. Again assuming 2,400 flight hours per year for an airship, there is a
potential requirement for over 75 airships. Of this requirement 47 percent of
the flight hours are assoclated with operations of the ELT program. Thirty
percent of the flight hours are assoclated with SAR operations. None of the
other programs account for more than 10 percent of the flight hour requirements.
MO/MP does not have any flight hour requirements due to its special nature.

To determine the significance of endurance for the airship role in Coast
Guard operations, the annual f£light hours requirements, grouped by ten hour
intervals of mission endurance, were calculated. The flight hour requirement
remains at a falrly constant level for missions of up to 50 hours. The require-
ment varies from 27,000 hours for missions of 20 to 30 hours, up to 39,000
hours for missions of 40 to 50 hours. The average flight duration is 14.3
hours.
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TABLE I-V

MPAS CONCEPTUAL VEHICLES COMPARISON

Envelope Volume (ft3)
Length (ft)

Diameter (ft)

Static Lift (1b) @ 2,000 Ft.

Dynamic Lift (1bs)
Horsepower Required
Gruss Weight (1bs)
Empty Weight (1bs)
Useful Load (1bs)
Buoyancy Ratio
Maximum Altitude (ft)
Maximum Speed (kt)

GAC ZP3G BAT MPA NADC ZP-X
875, 000 858,437 783,696
324 326 305
73.4 72.4 69.3
52,164 44,658 44,243
8,500 17,917 7,638
2,400 4,306 1,927
60, 664 65,274 54,554
33,740 32,019 27,674
22,504 32,256 26,880
.86 .73 .86
10, 000 10,000 10,000
97 104 90
1-15
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Recall that in the initial cost analysis, a buy of 50 airships was assumed.
With 5 of these alrships for training and research and development, there were
45 operational airships. If totally utilized the 2,400 flight hours per year,
the airships would be utilized 108,000 hours. This availability is sufficient
only to satisfy all requirements up to missions of between 30 to 40 hours.

Analysis of the requirement of mission duration for each of the eight
programs shows two distinct groupings. 1In the A/N, PSS, and SAR programs,
shorter miscions (less than 20 hours) tend to predominate. In the ELT, MEP,
MSA, and I0 programs the longer mirsions tend to predominate. The longwr
missions also tend to predominate for MO/MP operations as well. This implies
that there may be a requirement for the design of two distinct airships, a
snaller one of about 15 hour endurance and a larger one of about 40 hour endur-
ance. The smaller airship can be designed for more economical operation, where-
as the larger airship (probably of similar design as the ZP-X) would have
greater capability.

The potential utility of an airship for Coast Guard missions comes from its
ability to perform a number of operations well. It is not so much that the
airship excels at any one task, but given an aggregation of tasks, typlcal of
Coast Guard missions, it should provide superior capabilities. Because of the
higher speed, alrcraft will generally be better search platforms than ships.

Its gtability and long endurance loiter speed make the airship ideal for de-
tailed search or search for small objects. TFor boarding operations and long
eudurance requirements, ships are better. But for the large number of opera-
tions that mix these tasks, airships offer great potential with low energy
costs.

Analysis of the task requirements for a maritime patrol airship indicates:

1. Over 90 percent of all of the operations analyzed utilize transit or
patrol at 50-60 kts.

2. Station keeping/trail at less than 20 kanots is utilized in over 60
percent of the missions.

3. Only A/N and PSS operations do not require a search capability (acccr-
ding to USCG program persomnnel), All of the ELT, SAR, and IO missions require
gearch.

4. Hover capability for either boarding or logistics operations ig only
required in 33 percent.of the missions. Most of the missions requiring hover
are for aither the SAR or EL{. However, all of the A/N operations include tasks
requiring hover.

Summary Cost Results

Por migssions of less than ten hours, the hourly cost 1s approximately
$750/hour. For missions between 10 and 20 hours, the cost is approximately
$875/hour and for missions of greater than 20 hours, the approximate cost is
$1,085/hour.
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The cost of a mission will vary with the length of the mission. For all of
the missions analyzed, the cost extremes are $1,127 for a 1 and 1/2 hour MO/MP
logistics support mission to $117,659 for a 110 hour MO/MP towed array search
mission. The cost of delivering ADAPTS equipment to an MEP cleanup operation
ten miles off-gshore is $2,823. The cost of doing a SAR operation can be as
little as $1,501 for an operation 25 miles from the airbase to $13,440 for an
operation 500 miles off-shore.

Putting the Results in Context

A brief comparative analysis was performed. Both the fuel efficiency and
cost of performing selected missions were analyzed. The most frequently occur-
ring proposed airship missions were chosen for this analysis. These were four
ELT and nine SAR missions. The airship standard rate cost and fuel requirements
for these missions were compared to those of the following Coast Guard plat-
forms:

HC-130B
HH-3F
MEC--210
HEC-378
HU-25A (MRS)

The cutters are always more expensive to operate than the airship. The
MRS, when capable, is less expensive to operate than the airship. 1In the five
SAR missions that the MRS is capable, it could only ailr—drop equipment and
summon a ship. In the missions the HH-3 1s capable of performing, it is always
more expensive than the airship.

In one-half of the six missions of which the HC~130 is capable, it can do
so at a lower cost than the airship. For two of the missions it is more expen-
sive, and for one mission the costs are about the same. The HC-130 currently
performs all six of these missioms.

Alrships are very efficient users of fuel. As opposed to aircraft, which
are completely dependent on dynamic 1ift, most of an airship's lift is provided
by the buoyancy of the lifting gas. In that air is less dense than water, there
is much less drag on an airship thaa on a ship. Data for aircraft and ships were
selected from optimal economical conditioms.

Based upon the analysis of the comparative fuel consumption it was found
that in conducting the 13 missions, the MRS and the HC-130 use from one and one-~
half ro three times as much fuel as the airship. The HC-130 uses from four to
eight times as much fuel. In many cases, the cutters use over ten times as much
fuel.

CONCLUSIONS

1. Adrships appear on the basis of this first order analysis to have
direct, cost-cffective application to many maritime patrol missions.
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2. Alrships appear technically feasible in maritime patrol rcles.
3. Airships appear operationally feasible.
4. Alrships deserve special notice for energy efficient operation.

RECOMMENDATIONS

1. LTA experimental vehicle flight demonstrations are recommended for
technical and operational validation in performance of maritime patrol missions.

2. It is recommended that Coast Guard requirements be determined for
logistic and operationmal factors (training, maintenance, basing, utilizationm,
etc.) in light of the unique abilitites of airships.

3. It is recommended that in—depth point design studies of candidate
vehicles address issues such as hover techniques, ground equiment definition,
vehicle fabrication methods, detailed vehicle lay-outs, and scaling effects for
a demonstraticn vehicle.

1-20

R . datir s o 2t r BN




b

NADC-80149-60

o
[, v]
[ |
< m
O X
o -
2z

The Maritime Patrol Airship Study (MPAS) is an effort designed to explore
on a systems basis the potential for cost-effective application of modern
Lighter-Than-Air (LTA) vehicles to current and future needs of the U.S. Coast
Guard. Of the joint funding for this study (approximately 4.0 man-years),
three-quarters was provided by the U.S. Navy and one-quarter by the U.S. Coast
Guard. Common interest in long endurance maritime patrol vehicles is shared by
Navy and Coast Guard and a technology base for LTA as developed by both these
agencies and NASA in recent years served as an important prerequisite to MPAS.
Table II-I describes the principal studies recently concluded.

The results of this first—order systems approach are intended to serve as
an indicator for further committment on the part of the Coast Guard. Tue to the
dual identity of the Coast Guard (a part of the Navy in wartime), MPAS also
provides input for on goilng Navy LTA programs.

The principal ingredients of the study are as follows:
1. Mission Requirements and Rationale. ''Representative" mission scenarios

are generated for Coast Guard applications using recent Coast Guard mission data
for eight different programs (Chapter IV).

2. Mission Analysis and Effectiveness. Based on mission requirements,
develop "representative" detalled mission profiles and a "representative' avi-
onilcs suilte; then generate a computer math model to analyze mission performance
and effectiveness (Chapters IV and VIII).

3. Vehicle Sizing and Performance. Develop a computer program to predict
sizing and mission performance of modern LTA vehicles; then exercise this pro-
gram to select a conceptual puint lesign to perform the required missions.
Examine sensitivity of this vehicle to variation of selected key vehicle and
performance parameters (Chapter V).

4., Estimated Life Cycle Cost (LCC) and Logistics. Establish methodology
to estimate the LCC of MPAS point design and explore logistics considerations
such as reliability and maintainability, manning and training requirements,
basing requirements, and support requirements (Chapter VI).

5. Vehicle Case Studies. Based on the same mission requirements two
contractors were to derive conceptual point designs to be used for comparative
purposes with the in-house computer results (Chapter VII).

6. Conclusions/Recommendations. Conclusions and recommendations are
presented in Chapters IX and X.

Figure IT-1 presents the flow of the study elements.
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While many of these separate issues could be explored in-depth as indi-
vidual studies MPAS was to maintain a consistant level of effort across all
tasks. This results (due to time and money) in a systems concept which is not
"fine tuned." A more detailed analysis would precede an optimized concept,

Tinally, the systems applicability of modern LTA vehicles was examined for
roles in the total Coast Guard mix of existing assets - this was not a platform
replacement study.
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CHAPTE ITII
LTA VEHICLE CHACTERISTTICS
AND OPERATIONS

R
H

This Chapter is to briefly acquaint the reader with the nature and opera-
tional history of Lighter-Than-Air (LTA) vehicles and present the vehicle re-
lated assumptions presumed for MPAS.

Lighter-Than-Air vehicles are not a recently conceived idea. Manned bal-
loon fliphts date back to the late 1700's., Then and now however, the funda-
mental buoyancy principle of LTA flight is the same. Buoyancy is a well-known
fact of physics. LTA vehicles inflated with a 'light' gas are buoyed up by the
heavier surrounding air. A summary of light gases is shown in Figure III-1.
Free balloons (flown at the mercy of prevailing air currents) developed into
"dirigibles" (French for "directable' or "steerable') with the addition of
control surfaces to a more streamlined shape. These "airships'" as they are now
known have in the last hundred years been characterized by one of three struc-

tural design types®» 7. A genealogy of non~rigid, semi-rigid, and rigia air-
ships is shown in Figure ITI-2.

Non~rigid airships are characterized by a single flexible envelope of gas -
without compartmentation - to which the propulsion, empennage, and control car
are attached as shown in Figure III-3, The loads are supported along and across
the envelope by catenary curtains which are attached to hard points in the car
by suspenslon cables. At sea level the ballonets (internal flexible cells) are
filled with air. As altitude is increased, the helium expands and air from the
ballonets is expelled through air valves to maintain the same hull shape. At
design altitude (or pressure height) the ballonets are empty. To return to sea
level the process is reversed — air is scooped from the engine exhaust (some-
times alded by auxillary blowers) and forced into the ballonets. In addition to
internal pressure, bow stiffeners (battens) are attached to prevent ''nose cave-
in" at high forward speeds. F¥For all types of alrships in order to compensate
for the weight of fuel burned it is necessary to collect ballast to maintain

buoyancy trim. Typically the non-rigids picked up (or pumped up) sea water as
required.

Semi-rigid airships retain rigid structural members only for a rigid keel
along the bottom surface of the vehicle. This type of vehicle differs from the
non-rigid type in that the keel supports the primary loads and the caternary

suspension system plays a much lesser role. Figure III-4 shows a semi-rigid
airship.

The "rigid" airship consists of fabric covered, compartmented cells of
lifting gas retained within a rigid skeleton of structural members (historically
wire-braced aluminum girders) as depicted in Figure ITI-5. Altitude compensa-
tion is handled through expausion and contraction of individual gas cells within

S
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Figure III-1. Lifting Gases Comparison.
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Figure III-5. Typical Rigid Airship.
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their own compartments. Ballast recovery on the later U.S. Navy rigids was
achieved by funneling the engine exhaust through ccndensers built into the hull
structure to separate out the water.

The recent studies described in Table II-I provide additional detail in the
historical technical nature of LTA vehicles.

The spectrum of past airship sizes is broad - varying in gross weight from
less than 5,000 pounds to nearly 500,000 pounds. This results in a wide range
of performance capabilities. The non-rigid vehicles, limited in maximum size
usually by seaming technology (to about 2,000,000 cubic feet in volume according
to recent estimates), are the least capable. On the other end of the spectrum,
rigid airships suffer structural ineffi.iency in small sizes (less than about
3,000,000 cubic feet in volume). Predictions vary as to how large rigid air-
ships might feasibly be today (history's largest was the German LZ-139 at
7,650,000 cubic feet).

\

For purposes of maritime patrol 1t was important to focus attention on
realistic vehicle sizes. Figure III-6 presents the payload-times~endurance
ability of past Navy non-rigid airships*®., Also preseuted in this figure are
the predicted performance increases documented in recent studies as a result of
modern technology improvements®s 7, 13, piscussions with Coast Guard personnel
determined that CG performance requirements would fall well within this expanded
envelope of performance. In other words, the MPAS would focus on non~rigid
airships.

Operationally, LTA vehicles have had a very diverse experience. The Ger-
mans established a commercial transport company with the early vehicles. '
During World War I (WWI) the German Zeppelins were used over Llondon as strategic
bombers (with little actual material effect) and the British operated non-rigids
for submarine detection missions over the North Sea. American participation in
LTA vehicle technology began in earnest in 1923 with the construction of a home-
built rigid airship (a copy of a German Zeppelin captured intact in France
during WWI). Based on fundamental LTA technology developed by the U.S. Army
operating some semi- and non-rigid vehicles, tuie U.S. Navy initiated (with the
construction of the Shenandoah) an airship organization which lasted almost 40
years“e. The mission description of the Navy's rigid airships (four were opera-
ted between 1923 and 1935) is presented as published in 1940 in Figure III-7.

During World War II (WWII) the Navy established a global airship organiza-
tion to deal with the very real menace of Axis submarines. Operatilons included
convoy escort/ASW, search, observation/photography, nine laying/sweeping, and
rescue/assistance missions?» 3. Between 1942 and the war's end (1945), fifteen
squadrons (totaling 164 non-rigid airships) operated on three continents3s 4
A brief summary of their performance is shown in Figure ITI-8. Following WWII,
airships were employed effectively in Airborne Early Warning (AEW) roles for
continental defense along the east coast in -ouncert with other vehicles. They
were also used as stable platforms for the development of many present Anti-
Submarine Warfare (ASW) sensor systems®., Figures III-9 and III-10 pictorially
present the airship conducting a variety of operations.
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SCOUTING:

Search Operations at Long Ranges
Contact Scouting (Strategic)
Observation

Reconnaissance

GENERAL:

Neutral Patrols

Locating Enemy Commerce Raiders

Convoying Merchant Vessels

Locating Mines and Submarines

Bombing (by Planes) Under Certain Conditions

]

MISCELLANEOUS:

- Radio Station Calibration, Radio Relay, DF Special Communication
Statdion

- Transport of Special Personnel (or Supplies) as "Assisted
Takeoff" for Overloaded Airplanes
- Flight Research Laboratory

Figure III-7. Tactical Missions for Rigid Airships (1940).
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Throughout these years of Navy service, several distinctive features of LTA
vehicles were made very apparent.

- Long endurance was a routine operation - the USS MACON in 1934-35 could
operate unrefueled up to 160 hours“®; the non-rigids of WWII operated for up to
85 hours unrefueled7;

~ Stable, low vibration platform has benefited both crew and sensors in
past operations’ - the flexible nature of the vehicle affords vibration damping,
the inertia of such large vehicles results in platforms insensitive to short
period gusts reducing accelerations for crew and equipment (one 300-plus hour
flight program recorded the occurrence of normal accelerations (g's) which
exceed +0.20 to less then once in 100 times“Y);

- Low installed power requirements result in attractively lower operational
costs - since the major portion of airship lift is derived from buoyant means,
power is necessary primarily for horizontal flight (smaller noise signature is
by product);

~ No noise into the water is an important feature in ASW missions such as
towing sonar from airships®Y;

- Comfortable accommodations such as those shown in Figure III-11 for a
non-rigid airship is essential in delaying crew fatigue in long endurance mis-
sions;

- High operational avajlability is the result of fundamental simplicity as
demonstrated during WWII when availability was 87 percent?: 3

Historic criticism of LTA has included slow fourward speed capability,
inability to operate in adverse weather, poor low speed control, vulnerability
to hostile action, difficult ground handling and large ground facilities
requirements. Since these issues are crucial to an effective system, steps were
taken during Navy airship operation to address them to some extent and the
recent studies described in Chapter II have addressed the application of modern
technology to the unresolved portions of these issues. It 1s informative to
briefly recount progress in these areas as follows:

1. Vulnerability to Attack. Since the lift forces for an airship are not
composed entirely of dynamic (forward flight) and/or powered (rotor 1lift, etc.)
forces, should either or both of these components be eliminated the alrship
maintains its primary means of lift - static buoyancy. Airships when punctured
will not flutter about the sky as would a toy balloon. The internal pressure of
any airship remains only slightly above that of ambient air pressure (at most
two to three inches of water) and, therefore, leaks (or holes) create a gradual
seeping situatisn’» %2, 51, gecondly, the size of a hole necessary to "bring
down" a non-rigid airship would be on the order of square yards and not square
inches. 1In the worst situation (an immediate very large hole) the vehicle would
descend gradually. This sort of graceful failure would undoubtably add to crew
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safety and morale. Sophisticated weaponry would be necessary to produce large
holes in such a low density vehicle (whose vital components are widely spaced).

2. Expensive Ground Facility Requirements. WWII deployment of airship
squadrons to remote areas demonstrated that LTA vehicles could perform their
duties entirely without aid of hangars except for depot-level overhaul mainte-
nance?. Today's materials and weather forecasting make this even more feasible.
Therefore, except when all exposed aviation assets evacuate the path of hurri-
canes, the LTA hangar facilities still in existence should prove adequate for
erection of vehicles and depot level maintenance for initial deployments (from
U.S.) and thereby maintain the ob;ective of a "low cost" system by not requiring
development of ground facilities"®,

3. Ground Handling Requirements. In the early 1900's, the airship was a
not-fully understood and difficult-to-control vehicle. Through the 1930's a
considerable demand for rope handlers was a necessity. Over these years, how=-
ever, improvements were made such as gimbaling propellers on the U.S. Navy's
AKRON and MACON. Non-rigid airships, derived from free balloons, were con-
sidered mainly rich men's toys until the military application of barrage bal-
loons and non-rigids by the British before and during WWI. By the time non-
rigids were put into service by the U.S. Navy in 1942, ground handling opera-
tions were standardized. During WWII the required size of ground handling
parties had decreased from nearly 100 to half that size. The advent of mechan-
ical ground handling equipment (mobile winches) in the early 50's further re-
duced the ground party to less than 30, while non-rigid airships had tripled in
size (volumetrically). By the time LTA operations were terminated in the U.S.
Navy in 1961, ground operations of 400+ foot airships had been developed to a
science utilizing mobile and short-masts and required a ground crew of less than
20 under normal conditions“®. The recent studies mentioned above indicate that
by virtue of developments in related air vehicle technologies (especially rotary
wing) hover, helicopter-style, is a practical objective.

4, Poor Airship Performance in Adverse Weather. To explore the weather
vulnerability issue, the Navy counducted studies in the late 1950's53,

Some findings are presented as an example:

"A barrier station over the Atlantic Ocean was maintained for a ten-
day period embracing a cross section of all-weather operating conditions. A
barrier station at 38°51'N, 70°13'W, was manned at 2100, 14 January 1957, and
maintained until 0012 on 25 January 1957, by airships from the Naval Air Develop-
ment Unit, South Weymouth, Massachusetts, and Airship Airborne Early Warning
Squadron ONE, Lakehurst, New Jersey. A total of 415.7 flight hours were flown
by all airships of both commands through weather conditions which included
icing, snow, sleet, rain, fog, and winds as high as 60 knots. . . The average
flight was 37.8 hours in duration of which the average time on station was 22.2
hours, the average time enroute to station was 5.8 hours, the average time
returning to base was 6.3 hours, and an average of 3.5 hours was spent standing-
by at home base awaiting landing crews or proper landing conditions."”
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"Ground handling operations were conducted during conditions of snow,
low visibility, rain, high wind, and normal weather conditions. One airship was
ummasted and launched with winds gusting to 35 knots and increasing to 50 knots
ten minutes after launching. Another airship landed and masted with winds
gusting to 39 knots. At least one airship was landed during a snowstorm. Om
one occasion an airship was unmasted and a take—off accomlished during a sunow-
storm which had lasted for eight hours, during which time the airship was on the
mast. A GCA approach and landing was accomplished with 200 ft. ceiling and 3/16
mile visibility; a takeoff was made with a 100 ft. ceiling, in fog, with visi-
bility less than 1/4 mile."

In light of these preceeding comments, one question remains to be
answered: It is rightly asked if airships were so effective in service for the
Navy, why were they decommissioned and why are they worth reconsideration today?
A recent study has examined this question. Answering this question will serve
to summarize this entire chapter. Reference [5] discloses that in the period
immediately following WWII, airships were retained in the Navy for the milssions
that they had accomplished so well during the war in Anti-Submarine Warfare
(ASW). These consisted primarily of coastal patrol and convoy escort in the
of fshore region (within about 300 miles). In the post-war period these missions
were expanded to include operations with a hunter/killer group and extended
capability for convoy escort with an ultimate goal of accompanying the complete
ocean transit. In order to achieve these milssions, a number of technological
improvements were developed. For hunter/killer operations it was necessary to
strengthen the structural members of the airship to permit landings on ailrcraft
carriers. Rapid refueling systems were developed, and these were later followed
by development of systems that would permit the airship to be refueled in the
air and also to be rearmed and remanned from surface ships. Hydraulically
assisted control systems were developed tc permit better control during landing
operations abeoard carriers as well as better control during ASW operatioms.
Reversible pitch propellers were designed to provide further controllability
during these operations. ASW sensor development was centered about an innova-
tive new towed acoustic system that could be operated either in an active or
vassive mode and towed continuously by the airship. Many other innovative ideas
were tried but never became operational. These included an IX wake detection
system, bow fins for improved controllabflity, boundary layer schemes, and many
others. It should be noted that greatly improved ground handling equipment was
developed that reduced ground persounel requirements significantly and improved
safety.

Tactical development efforts included new procedures for conducting com-
bined operations with both surface escorts and ASW aircraft operating from
carriers or from short bases. In addition, tactics were developed fnr support
of bottom mounted survelllance systems,

Many of the technological developments intended for application to the
hunter/killer mission were also applicable to the extended convoy escort mis-
sion. However, in addition, great strides were taken in improving the habit-
ability of the airships and providing means for accommodating increased crew
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sizes so that extended endurance could be maintained before it was necessary to
relieve the airship crew. It was demonstrated that an airship could be flown
across the Atlantic and back again withuat refueling, or any other surface
support. Thus, the convoy escort goal seemed easily attainable,

In the early 1950's a new mission was perceived for the larger sized air-
ships. This mission consisted of Airborne Early Warning (AEW) which was in-
tended to provide a means of warning continental defense forces of impending
enemy alrcraft raids thet might use the ocean routes to penetrate U.S. defepses.

AEW airships were developed and utilized for the continental air defense
mission over a period of years. They provided an extremely efficient way of
accomplishing this mission. While they were never procured in sufficient num-
bers to permit performance of the entire mission, the ZW airships were a very
good complement to the fixed wing ASW aircraft that were used.

The principal advantage that the airship was able to provide in both the
ASW and AEW missions was its long endurance and capability to remain on station
for prolonged periods of time. For the ASW mission the use of an innovative new
sensor, the towed sonar body, also provided an advantage over the fixed wing ASW
aircreft aseinst the submarine threat of that time period. In the AEW mission
the acditlonal advantage of the airship was its capability to employ a very
pow=’ful stabilized radar.

As time progressed the requirement for accomplishing the AEW mission became
of reduced importance. This was a result of the shift in Soviet gtrategic
forces from manned bombers to intercontinental ballistic missiles. This shift
in weapon systems essentially cancelled the requirement for an early warning
system that could provide surveillance in the seaward approaches to CONUS
against an incoming low f£lying threat. Thus, the AEW mission requirement es-
sentially disappeared in the early 1960 time period.

In the ASW mission new sonobuoys were belng develoved for fixed wing air-
craft that permitted them to close the gap in performance that the airships had
enjoyed. The Increasing cost of operations and the requirements for the Navy to
reduce their ASW force levels eventually led to the decision to also decom-
nission the ASW LTA squadrons in the early 1960's.

There is little doubt that, with the developments that were made in the
1945-1960 time period, and with application of later technology developments in
aerodynamics, structures, materials, propulsion, and avionics, wodern airships
could be built to provide an extremely flexible and useful platform in the
current and future maritime patrol applications.

MPAS Vehicle Assumptions

Based on the past performance of airships (described above) and the infusion
of modern technology the attributes of airships assumed for MPAS are shown in
Table ITI-I. There are other assumptions for thils study which are presented
here. For Coast Guard operatlon the envirommental picture is essential for
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proper vehilcle design criteria, Appendix A explores this issue in some depth.

A vehicle capable of a 90 knot speed was determined capable of operating in more
than 95 percent of Coast Guard missions (occasional large headwinds being the
primary limiting factor).

The lifting gas presumed for all vehicles is Helium. Current and future
availability of this non-flammable resource appears readily assuredSt,

Crew accommodations for the missions examined were estimated from past
airship operation. For extended operations (and even for the MPAS profiles) a
human factors analysis should be performed (such as Reference [55]).

In the interest of expediency, the avionics and sensor suites for the
conceptual designs were assumed to be the same as those designed for the Coast ,
Guard HU-25 fan jet aircraft intended for medium range search operations56 ¢
(with one exception, a conceptual ASW towed array sonar system). These equip-
ments are in a near operational status and while they ara not tailored for
airship use (airships could carry a much larger radar antenna for example) they
are considered off-the-shelf technology. Note that for this particular radar
(APS-127)°7 the performance envelope of the airship (primarily speed) effects
the normal sweep rate. For this reason, an adjusted sweep rate was determined 1
and is described in Appendix B. State—of-the-art tachnology levels (1980) have
been assumed for materials, propulsion, and structures,

Current Coast Guard aircraft basing facilitles for deployment and existing
LTA hangars for erection, overhaul, and major repair have been postulated. The
manning assumptions are discussed later in Chapter VII along with costing. ]
Finally the payload items will be presented here as they were specified for
vehicle designs. The fixed payload is defined as the equipment which remains
aboard the airship for every mission. The variable payload is that equipment
which changes with the mission, These items were defined after consultation
with Coast Guard operational personnel and are presented in Table ITI-II.

o

I1I-18

R e e wdbe o A S A W




A J
e
|

NOTE:

NADC-80149-60

TABLE ITI-I
AIRSHIP ATTRIBUTES

HOVER

Logistics

Boarding

Rescue

Observation
Remanning/Ref.eling

PRESENCE

0 - 90 KNOT CAPABLE
VERTICAL DELIVERY

- Logistics

- Boarding

- Rescue

FAPID ASCENT/DESCENT
- Observation
COMMUNICATIONS

TOW

- Sensors
- Vessels

MINIMAL WEATHER LIMITATION

LOW INSTALLED POWER

All attributes except hover were demonstrated by 1940-60
vintage airships -~ "hover" tasks were all achieved by
"flying station' with surface vessels.
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MISSION DEFINITION
INTRODUCT ION

The emphasis of this study has been on the determination of the suitability
of LTA platforms in current Coast Guard operatlons. Consideration has been
given only to operations as they are currently being performed in a manner

i consistent with the utilization of available Coast Guard air and sea assets. It
is the purpose of this analysis to determine if airships can be used to supple-
ment Coast Guard aircraft and ships in their operations.

MISSION IDENTIFICATION

To approach this effort a review of existing Coast Cuard operations was
undertaken. The Coast Guard operations are organized by program. Tabie IV-I
lists the thirteen Coast Guard programs. Of these, eight programs listed in
Table IV-II were identified for a more detalled investigation for possible air-
ship participation. The cholce of these eight programs is based upon the
analysis of the attributes of a Lighter-Than-Air (LTA) platform and considera-~
tion of the program requirements.

Peview of each of these eight programs resulted in the identification of

) particular missions that could be performed by an airship. In approaching this
analysis, a concept of a nominal ailrship was used to assist in the selection of
these potential missions. A candidate airship of the approximate size and
operating characteristics given in Table IV-III was assumed for the purpose of
screening the Coast Guard missions. Missions with requirements significantly
exceeding these capabilities and which could be accomplished effectively using
existing Coast Guard assets, were not considered.

At the zompletion of the mission definition task of this study, move de-
tailed operating requirements were specified from which an exact point design
was determined. Just as the Coast Guard has a variety of ship types and air-
craft types, 1t may be reasonable to assume, in the future, the Coast Guard
would have more than one type of ajrship. This would widen the range of mis-
sions that could be performed by airships and improve on the expected efficiency

) of each type of airship that would operate on missions within a specified por-
tjon of the total mission spectrum. To limit the scupe of this study, a single
i point design airship was considered. The effectiveness of airships in Coast
Guard operations was determined on the basis of this airship.

Also relevant to the selection of potential airship missions are the capa-
bilities and attributes of a modern airship consistent with traditional opera-
tions and advances in modern technology. It 1s of interest to review how these

9 atitributes impact on the ability of the airship to perform Coast Guard missions.
8
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TABLE IV-I

COAST GUARD PROGRAI4S
Short Range Aids to Navigation
Bridge Administration
Commercial Vessel Safety
Enforcement of Laws and Treaties
Ice Operations
Marine Envirommental Protection
Military Operations and Preparedness

Marine Operations and Preparedness

]
Marine Science Activities |
Port Safety and Security
Radio-Navigation Aids .
Boarding Safety
Reserve Forces
Search and Rescue |
i
;
§
}
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TABLE 1V-1iI
POTENTIAL AIRSHIP UTILIZATION IN COAST GUARD PROGRAMS

ENFORCEMENT OF LAWS AND TREATIES

~ Surveillance, Interdiction, and Seizure of
Illicit Fishing and Drug Traffic

SEARCH AND RESCUE
- Search, Logistics, and Aid
MARINE ENVIRONMENTAL PROTECTION
- Search and Surveillance of the Marine Enviromment
- Assist in the Logistics and Command, Communication, and

Control of Clean Up Operations

PORT SAFETY AND SECURITY

Hazardous Cargo Traffic Control
Command, Control, and Communications

MARINE SCIENCE ACTIVITIES

- Ice Patrol

- Oceanographic Survey

- Locating Puoys
ICE OPERATIONS

~ Surveillance of Ice Conditions
SHORT RANGE AIDS TO NAVIGATION

- Monitor Buoys

MILITARY OPERATICN/PREPAREDNESS

Surveillance for Enemy Forces
Antisubmarine Warefare (ASW)
Protection of Offshore Installations
Convoy Ships

Logistics Suppert

Inshore Undersea Warfare

Iv-3

(ELT)

(SAR)

(MEP)

(PSS)

MsA)

(10)

(A/N)

(MO/MP)

”*!ﬁ§9<='b~
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TABLE IV-III

APPROXIMATE CHARACTERISTICS OF A PATROL ATRSHIP

Volume
Endurance
Maximum Speed
Cruise Speed
Payload

Maximum Altitude

500,000 £t3 - 1,000,000 ft3

20 ~ 50 hrs
90 kts
40 - 50 kts

10,000 1bs - 20,000 1lbs

5,000 £t - 10,000 ft
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The ability <o hover for extended periods has been assumed technically
feasible throughout this study although it remains to be demonstrated. His-
torically, airships were capable of "flying station" by flying into the wind.
By using vectored thrust and other techniques, a wultiple engine, modern tech-
nology airship should be able to maintain rotary wing-style hover in most
nominal weather conditions. The ability to hover is considered the most es-~
sential attribute for missions requiring logistic support, boarding of ships or
platforms, and rescue of personnel.

The large volume of the envelope, makes an airship a highly visible plat-
form. This is particularly useful in search and rescue operations, and for
coordinating multiple plafform operations. Presence is considered the most
significant deterrent in law enforcement operations.

An on-board winch is considered an essential piece of equipment if the
airship is to be utilized in logistics, boarding, or rescue operations. A high
powered, constant tension winch in conjunction with a hover capability makes an
airship an ideal platform for ferrying and transferring equipment or personnel
to or from the sea surface.

The natural buoyancy characteristics of an airship allows it to ascend or
descend rapidly with little maneuvering and moderate power requirements. This
capability is valuable in search and surveillance missions. After searching
from an altitude of 5,000 feet an airship can rapidly descent for close—in
observation and then rapidly return to search altitude, if desired.

Because of its size aud payload capability, large antennas can be mounted
on an airship, These antennas can be either for communication relay, or
special, high resolution sensors. An airship's ability to remain relatively
stationary makes it suiltable as a command and communication platform for control
of multiple platform operations.

Historically, airships have been used to tow both small boats and sonar
arrays. The controllability of an airship allows 1t to operate close enough to
the water to make these operations feasible, while the payload capability
agssures enough power to handle most towing loads. With the use of the constant
tension winch the airship could be used to tow ships in rescue operations, very
heavy equipment on sleds for envirommental cleanup operations, or sensor systems
for search and surveillance operations.

These attributes and the range of characteristics given in Table IV-III
were used as a basis for determining Coast Guard missions in which there was
potential for airship participation. After discussions with cognizant Coast
Guard personnel in each of the eight program offices of interest, specific
missions were ldentified.

MISSION ANALYSIS

After reviewing the mission requirements of each of the eight Coast Guard
programs and determining the type and extent of operations in which airship
participation was feasible, it was necessary to devise a method to determine the
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efficiency of airships in these missions. Because of the wide span of missions
the procedure had to be general enouch to be applicable across the spectrum of
operations.

The approach usel is based upon a generalized partitioning of a mission
into distinct tasks. The seven specific tasks listed in Table IV-IV were for
the analysis of the missions. This set of tasks was chosen in an attempt to
categorize the major operations contributing te the success of a mission in the
most general manner and, yet, distinguish between measures of effectiveness
(MOE's) and required capabilities.

On the basis of these tasks, a set of composite profiles can be created for
each mission. As an example of this approach consider a search and rescue
mission in which a boat 1is reported missing 70 miles offshore; its position is
known to within 20 miles; upon finding the boat a dewatering pump will be re-
quired, as well as an escort back to shore. This can be translated into a
misgion that requires: a 50 mile tramsit to the beginning of the search area; a
radar and visual search of approximately 1,000 n mi<; the delivery of a de-
watering pump (logistics requirement of 110 1bs.); and an escort back to a dock

(station keeping/trail for 15

Obviously, every mission
using these seven basic tasks
created. Table IV-V provides
the profiles for each mission
given at the top of the form.
There is a profile designator

hours).

will differ from all of the others. However, by

many different operational profiles can be

an example of the standard form used to specify

under each program. The program and mission is
There is one profile sheet for each mission.

associated with each profile, consisting of three

numbers separated by periods (i.e., a.b.c.). The first number, a, corresponds
to the program designation; the second number, b, is a migsion identified; and

the last number, c, is a profile designator.

The next ten columns of the form are used to specify the operational re-
quirements of the mission profile. Not all tasks need be specified for every
profile. The transit distance is given in nautical miles and is the distance to
and/or from the scene of operation. This will be assumed to be performed at
cruise speed. Not every profile will require transit. Some operations may
start right at or near the airbase. Other operations may require transit to the
scene of an operation but perform another task in returning to the hase (e.g.,
in the SAR profile just described, the airship escorts the boat back to port).

Patrol tasks are also specified on the basis of the required distance
traveled. Patrol tasks directly contribute to the mission operations. Patrol
tasks are included in logistics operations, ELT missions requiring patrol from
fishing ship to fishing ship, patrol from offshore industry site to offshore
industry site, etc. patrol is assumed to be performed at cruise speed.

Station keeping/trail tasks are low speed operations, but not hover, as-
sumed to be performed at the most fuel efficient speed. Typical operations
assoclated with the station keeping/trail task are ship escort, ELT surveil-
lance, MEP command and control. The task requirement is measured by the number

of hours the airship remains in station keeping/trail operation. M
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TABLE IV-IV
AIRSHIP TASKS

Transit ~ The flight to or from a port or base to the area of
operations.
i Patrol - Transit from one defined location to another at a

moderate speed; such as transit from buoy to buoy or
from ship to ship in a Fleet (does not include transit
from bas2 or port to operating area).

Station Keeping/Trail - Slow speed operation while monitoring an identified
» object.

Search ~ Search operations performed in an area in order to find
and identify objects of interest. These objects may be
boats, pollutants, or enemy forces.

Visual Search - Eye search for objects on or in the water.

Instrument Search - The use of radar, AGTV, IR/UV, or cameras and possibly
passive electromagnetic radiation detection in search
of vesgsels or people in the water.

Pollution Search - The search for pollutants in the water.

ASW Search -~ The search for submarines using listening devices in
the water, i.e., sonobuoys or towed arrays.

Board - The placing of a man on a boat or platform in the water
either by direct transfer or by lowering a small boat
I and man.

Logistics -~ The transport and transfer of objects and supplies to a
boat or platform in the water (includes the transport
of equipment for the containment, transfer, or dispersal
of 0il on the water).

Tow - Towing 3 boat or other objects in - water from the
airship.
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TABLE 1IV-V
STANDARD MISSION PROFILE LIST

Mission:

32UdLANIDQ

bl 4

(1Y) nmoy,

(9T) S91351801

(14) p1eog

T AS K S

Search
(1,000 n?mi)

MSY

uoTINTIO4

JuaWNa3Isuy

IV-§

TensTta

(19) TTEil
/3utdsay uoylels

(Tuu) Foa13B4

(Twua) 3ITsuea],

|
|

Profile
Designator




NADC-80149-60

Four types of search can be specified. These are: visual, instrument,
pollution, and ASW. Each type of search is associated with the use of a dif=-
ferent type of device and, therefore, the rate at which an area can be searched
depends upon the type of search and the device used. The search effectiveness
is measured on the basis of area covered. This, in turn, is determined by the
sweep rate of the airship. Random search has been assumed®3, The probability
of detection as a function of time for random search is given by:

st
P(t) =1l ~-e A

where .
P(t) is the probability of detection as a function of time
s is the sweeprate
A is the area of search
t is the time

The sweeprate s is frequently approximated by taking the .5 point from the
single look probability of detection curve associated with the search device and
multiplying by the speed of the platform. As discussed in Appendix B the fol-
lowing is used in this analysis:

Target Sweep Width Sweep Rate Target Reflectivity
Large Target 60 mmi 3,000 mmi®/hr 150 M2
0il slick 30 mi 1,500 mmi?/hr 20 M2 (Sea State 3 limit)

These numbers assume that the APS-127 Forward-Looking Radar is the primary
detection device when looking for vessels on the water (instrument search) and
that the equivalent to the APS-94 Side-Looking-Radar is used for pollution
search. The sweep widths are enhanced over the equivalent performance when the
equipment is on board an airship. This is because studies®? have shown that
there is an improvement in the ability to detect a target in the slower speed
airship. The slower speed of the airship does result in a lower sweep rate,
however.

For visual search, a sweep width of 20 miles is assumed®®. This is
based upon two visual observers using field glasses and the airship operating
at an altitude of from 3,000 to 5,000 feet.

For ASW search, either using sonobuoy or towed arrays, a sweep rate
of 2,500 mi2/hr has been assumed. This would be associated with a moderate
to good convergence zone enviromment. For a sonobuoy search a moving
barrier monitoring sixteen sonobuoys is the assumed tactic. A sprint and
drift operation is assumed for utilizing the towed array. For this tactic,
during the monitoring phase, the array is towed at a low speed (approximately
10 knots) and then transported at higher speed (30 knots or more). The array
can be fransported through the air or in the water depending on the design
of the array and requirements of the operation.
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All of the search capabilities that have been specified are dependent on
many factors. The target and the enviromment are probably the most significant
factors. The detectavility varies with the target size and type. Sea state,
visibility, and whether there is precipitation or not will effect the perform-
ance of the sensors. The values for search rate that have been used are con-
sidered realistic and adequate for the general level of this study.

Boarding operations require the airship to hover. TIn the hover mode the
airship will lower a man (or men) and a small boat into the water. Boarding
will then occur from the boat., If the technology and operations can be developed
it may be possible to lower a boarding party directly on to the deck of a mod-
erate to large vessel, The boarding requirement is specified by the duration of
the operation. While the boarding party is on board the vessel of interest, the
airship will operate at lpw speed in the vicinity of the vessel. This time
spent in the vicinity of the vessel is accounted for under the station keeping/
trail task.

Logistics operations also require the airship to hover as well as having
the capability of raising and lowering large loads. The 1ift capability will be
provided by a constant tension winch. Except for the determination of the
payload capability of the point design airship, detailed analvsis of the
handling equipment and design of the airship car, for storage of large payloads,
has not been undertaken.

The measurement of a logistics task is the weight of the payload delivered.
Obviously, the maximum size of the payload in support operations will be the
maximum capability of the airship. There are, however, identifiable payload
packages for particular missions. For clean up missions of the MEP program, the
Air Deliverable Antipcollution Transfer System (ADAPTS) package has been identi-
fied as a deliverable,

The payload associated with logistics tasks differ from mission payload in
that logistics tasks assume the payload is delivered, and therefore, hover
capability is required. After the logistics payload is delivered the airship
weight and its buoyancy will usually be affected and must be compensated hy
ballast recovery.

Towing operations are associated with towing a vessel or a sensor through
the water. Due to the Increased drag on the airship there is a greater power
requirement and increased fuel consumption during towing operations. Towing
usually occurs in MO/MP ASW operations, towing of distressed vessels in SAR
operations, and occasionally in the event of seizure in ELT operatfons. It may
be possible to use the airship in MEP operations to place booms and tow skim-—
mers, but these have not been considered in this analysis. It is expected that
the point design airship should be able to tow boats of up to at least 150 feet

at speeds up to 10 knots. }
The last column of each of the profile forms lists the annual occurrences
of each profile. The profiles that are provided for each mission are estimates
of actual Coast Guard operations. A sufficient number of profiles are provided

" for each mission to span the spectrum of Coast Guard operations. The occurrence
mumbers helps provide an estimate of the frequency of each type of profile for t
IV-10
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each type of mission. As is discussed in Chapter IX, Mission Effectiveness,
from the mission profiles and their occurrences, a snap shot of the potential ’
utilization of a maritime patrol airship in Coast Guard missions can he ob-

tained.

Since the scope of this study has been very broad, spanning a majority of
Coast Guard operations, and due to the limited nature of the effort, most of the
entries in the profile tables are rough estimates. The accuracy of the entries
is approximately an order of magnitude. In that the purpose of this study is to
determine if an airship can fill a Coast Guard role in a cost effective manner,
these 'ball park' numbers are considered more than adequate. In that actual
operations should be based on the available resources and their capabilities, it
would be unrealistic teo attempt to define more precise numbers at this time.

In the next eight secticns a broad overview of each of the Coast Guard
programs of interest is presented, followed by a discussion of the particular

missions in which an airship could participate and a profile list for each of
the missions.

Based upon this approach a total of 264 profiles were created for the :
missions specified for the eight Coast Guard programs of interest. A summary of
the number of profiles by program is given in Table IV-VI.

SHORT RANGE AIDS TO NAVIGATION PROGRAM

Objective

The objective of the Short Range Alds to Navigation (A/N) Program is to
assist the mariner in determining his position and to warn him of dangers and
obstructions so that he may follow a safe course. This is accomplished by

providing navigational references such as audio, visual, or electronic signals,
using buoys and lights.

Program Descrilption

The A/N program has broad geographic scope in that aids to navigation are
established and maintained in or near U.S. navigable waters, territories, and
possessions of the United States, the Trust Territory of the Pacific Islands,
and where required to support the Department of Defense. Users range from the
sophisticated professional navigator to the relatively untrained and unskilled
recreational boater. The differing level of these abilities means that the
Coast Guard must satisfy a broad spectrum of user needs.

Of the roughly 78,000 short range aids to navigation in use, nearly 60
percent are aids for which the Coast Guard is wholly responsible. The remainder
are privately owned ailds for which the Coast Guard has a management responsi-
bility. The main areas of Coast Guard involvement are the monitor, repair, and
replacement of navigational buoys.

Potential Airship Missions

As originally proposed there was a single A/N mission:

Iv-11
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Program

Number of Missions

Number of Profiles

NADC-80149-60

TABLE IV-VI

NUMBER OF PROFILES

A/N ELT MEP MO/MP MSA PSS SAR IO TOTAL k

1 3 3 10 3 3 6 1 30
5 41 23 109 11 18 49 8 264

Iv-12
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- A/N Repair and Replace Buoy

Current operating practice requires the lifting of the buoys in exposed
areas on to the deck of a tender for routine maintenance. Because of the large
weights of these buoys, it is not practical to bring them aboard the airship.
The weight of the buoy plus the payload weight of spare parts and tools would
exceed the payload capability of an airship of the size envisioned for this
study. Coast Guard personnel consider it impractical and unsafe to handle large
buoys directly in the water,

Smaller buoys are generally serviced by smaller boats, buoy tenders (65' -
110"), and buoy boats (45'). In many areas where there are smaller buoys such
as rivers or inlets there are too many obstacles to be able to have access to
all of the ailds from an airship.

While 1t does not appear to be feasible to handle routine maintenance of
buoys without extensive modification of current operating procedures, there are
roles that alrships can provide in the A/N program.

After severe weather conditions, it is desirable to determine any dis-
crepancies (buoys lost, displaced, or not operating). An airship is ideally
suited for these operations because of its speed, survelllance capability, and
its potentlal ability to hover near the surface. Emergency repairs could be
performed by lowering a man and boat into the water.

Another majocr need of the A/N program is placement of buoys. Current
procedure uses a horizontal sextant to trilangulate on three or more points of
observation. Because of the limited horizon of a tender 1t sometimes 1s diffi-
cult to identify a sufficient number of landmarks to sight on. An airship, with
an ability to hover and providing a stable platform and a greater horizon due to
altitude, could survey an area and place marker buoys at the precise location.

A tender could later place the buoys at the marked location.

Another requirement for both the short range aids to navigation and radio
alds to navigation programs is logistic support. Light Statlons and Light
Ships, as well as LORAN stations, need logistics support. In addition, as part
of the Lighthouse Automation and Modernization Project (LAMP) a number of Light
Stations have been automated. These stations need routine maintenance as well
as emergency service which could be performed by a crew transported by airship.

Miesion Profiles

Based upon the above discussions only two missions have been analyzed for
the A/N program. These are the discrepancy reporting and buoy placement opera-
tions. General maintenance and repair of buoys have not been included because
of the operational difficulties associated with that mission. The logistics
support mission also has not been analyzed as part of the A/N program because
the frequency of occurrence is not known and the mission 1s similar to logistics
operations of other programs.

v-13
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Only one mission profile table, Table IV-VII, is included in this analysis.
It is associated with both the discrepancy reporting and buoy placement opera-
tions. The profiles given are based upon general consideration of the nature of
the operations. In that these missions are not separated from the normal duties
of platforms performing A/N operations, exact profiles cannot be determined.

Summary of Potential Airship Participation in the A/N Program

Airships can be useful for:
1. Descrepancy Reporting

- after severe weather, survey for lost, disabled, and displaced
buoys R

2. Buoy Placement
- through precise navigation techniques, mark placement of buoys
3. Logistics support
4, 1Inadequate for Routine A/N Maintenance
ENFORCEMENT OF LAWS AND TREATIES
Objective
The objective of the Enforcement of Laws and Treaties (ELT) Program is to
enforce all Federal laws in the marine enviromment, except those specifically
assigned to other Coast Guard programs - i.e., vessel safety, marine pollution,
vessel traffic control, and port safety and security. In recent years ELT

enforcement efforts have focused particularly on laws relating to fisheries
protection, immigration, and drug smuggling.

Program Description

ELT can claim to be the oldest Coast Guard program since the Revenue
Marine - the ancestor of the modern Coast Guard - was established in 1790 to
suppress smuggling. Today, as the Federal maritime enforcement agency, the
Coast Guard is responsible for enforcing all Federal laws on the navigable
waters of the United States and its possessions and on the high seas. The laws
to be enforced fall into two categories: laws relating to marine safety for
which the Coast Guard has sole responsibility; and laws relating to customs and
revenue, immigration, quarantine, neutrality, protection of fish and game,
marine envirommental protection, and other matters that fall within the juris-
diction of other Federal agencies for which:

- the Coast Guard shares enforcement responsibility, and

- the Coast Cuard's unique facilities are required to accomplish maritime
law enforcement.

v-14
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TABLE IV-VII
PROFILE LIST

Mission: A/N DISCREPANCY REPORTING, BUOY PLACEMENT

T A S K 8
Search
(1,000 n2mi)
-
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Profile ) o @ o 0 4 = :3 & 2 5
Designator & & a & z S & i 2 3 a ]
1.1.1 50 150 1 2,000 10
1.1.2 50 300 2 2,000 i0
1.1.3 100 200 2 5,000 10
1.1.4 100 300 2 5,000 10
1.1.5 200 200 4 5,000 10
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The ELT program encompasses a wlde variety of duties covering a broad
geographic area. Included are:

- enforcing laws and regulations goveraing the fishery conservation zone
extending 200 nautical miles off the U.S. coasts;

- interdicting drug and alien smuggling in areas such as the Caribbean;

- ensuring that U.S. tuna boats off the shores of South America comply with
the Inter-~American Tropical Tuna Convention;

- minimizing damage and loss of fishing gear caused by conflicting deploy-
ment of mobile and fixed equipment, such as the simultaneous use of lobster pots
and bottom trawlers off the New England coast.

The functional elements of an enforcement system are detection, surveil-
lance, and apprehension.

Potential Airship Missions

As a result of discussions with the ELT program office and review of
references [60] and [61] three types of missions were identified for airship
utilization. These are:

~ ELT Surveillance
- ELT Search and Board
- ELT Search, Board, and Seizure

The missions are differentiated on the basis of operations. Both fishery en-
forcement and drug enforcement missions are included in each.

The location of operations, proposed alrship basing, and current platforms
performing the operation are identified in Table TV-VIII.

It will be noticed from Table IV-VIII that the airship is expected to
fulfill missions of both aircraft (MRS, LRS) and cutters (WHEC, WMEC). This i1s
a realistic assumption in that the airship can provide high sweep rates similar
to the aircraft and the endurance, presence, and sighting capability of the
ships. Because of the capabilities of the modern airship, it is expected that
boarding of vessels of interest is feasible.

Compared to existing Coast Guard platforms, the airship 1s a unique plat-
form in that it combines characteristics of both sea platforms and air plat-
forms. It has the ability to travel at higher speed than ships, is not affected
by high sea state and has the ability to survey the sea from high above it. At
the same time it has the ship-like characteristics of long endurance, the
ability to travel at low speed or hover, and can deliver a substantial payload.

In reference [60] the comparison of aircraft and ships in various aspects
of the fisheries ratrol missions is made. These comparisons are reproduced
here. 7In all cases, the alrship has the capabilities to satisfy the Pro argu-
ments for both the aircraft and ships. At the same time, the limitations iisted
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TABLE IV-VIII
POTENTIAL ELT MISSIONS

PROPOSED

AREA ATRSHIP BASE CURRENT PLATFORM
Southern New England Cape Cod MRS
New England Cape Cod MRS
Southern New England Cape Cod MEC/HEC
New England Cape Cod MEC/HEC
Chesapeake Bay Elizabeth City MRS
Texas Corpus Christi MRS/MEC
Middle Atlantic New York City MRS
Elizabeth City
Middle Atlantic New York City MEC
Elizabeth City
West Florida St. Petersburg MRS
West Florida St. Petersburg MEC
S.E. Alaska Kodiak MRS/MEC/HEC
Loulsiana New Orleans MRS/MEC
West Coast Port Angeles MRS/MEC
; Summer Herring Kodiak LRS/HEC
f Ground Fish Kodiak LRS/HEC
Ground Fish Kodiak LRS/HEC
" Far Aleutians Kodiak LRS/HEC
Guam/Marianas Hawaii LRS/HEC
Summer Salmon Kodiak LRS/HEC
i Summer Salmon Kodiak LRS/HEC
Hawaii Oahu LRS/HEC
Straight of Yucatan Miami Drug Enforcement
) '\ Windward Passage Mobile Drug Enforcement
i
o
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under Con are not applicable to the airship. An airship should be able to
perform these functions at a reasonable cost of operation.

From reference [60]:

"C. DETECTION ALTERNATIVES ANALYSIS

e. Alrcraft:

s

Pro (1)

(2)
(3)
4)
Con (1)
f. Ships:
Pro (1)
(2)
(3)
%)
Con (1)
(2)

Can establish presence, level, and type of activity,
and, in most cages, identify vessels.

Provides, through visible presence, an expression of
active interest and control by the coastal state.

Presence serves ag a greater deterrent to potential
vioclators than most other alternatives.

Provides some verification of compliance with regula-
tions.

Costs.,

Can establish presence, level, and type of activity,
and vessel identity.

Ship presence exerts maximum deterrence in area where
1t operates.

Provides, through vigible presence, an expression
of active interest and control by the coastal state.

Provides verification of compliance with certain
regulations.

Limited speed results in a limited area of coverage.
(This is somewhat mitigated when helicopters are
carried.)

Costs.

v-18
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"D. SURVEILLANCE ALTERNATIVES ANALYSIS

c. Adircraft:

i
Pro (1) Can observe certain aspects of fishing operation -
type of gear in use/fishing activity.
(2) Can conduct localized activity external to vessels
i . under surveillance.
(3) Relative large area, all-weather coverage.
Con (1) Cannot provide internal inspection of vessel.
: (2) Confirmation of observations is often difficult.
(3) Does not provide the level of detailed information
required,
d Ships:
§ Pro (1) Combination of close observation and detailed
on~board examination or inspections permits positive:

(a) Determination of whether or not vessel is
fishing.

] (b) Determination of type of fishing gear being
employed.

(¢) Determination of whether or not vessel is
bottom fishing.

] (d) Determination of kind of fish being taken.

(e) Determination of size of the catch.

(f) Determination if the vessel isg In violation of
established laws, regulations, or treaties.

]

(g) Determination of other information concerning
administration of regulations, and management
of the fisbhery.

(2) Large deterrent effect provided by the capability
5 to conduct a boarding.
)
Iv-19
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(3) Ships are the only practicable platform from which
to dispatch/disembark boarding parties.

Con (1) Cost.
"E. APPREHEN!IVE ALTERNATIVES ANALYSIS
1. Analysis
a. Aircraft:

Pro (1) Can signal a violator and continue tracking to
., saiisfv the requirements of 'Hot Pursuit."

Con (1) Limited endurance oftén necessitates sequential
relief by several other aircraft until an
enforcement vessel arrives on scene.

-’

(2) Boarding party, which is necessary to effect
apprehension or detention/seizure, arrest, cannot o
be safely disembarked from an aircraft. N

b. Ships:

Pro (1) Can signal a violator and establish and maintain
"Hot Pursuit."

(2) Can be used to disembark a boarding party to
effect apprehension,

(3) Capable of providing protection and ready support
for boarding party personnel on board another
ship for the purpose of effecting a seizure,.

Con (1) Lacks the speed of an aircraft for quickly arriving
on scene to initiate "Hot Pursuit"” on a violator.

& .

(2) Cost.

5. Ships, and Aircraft, in combination, perform all of the functional
elements of the fisheries enforcement system effectively. The wide area cover-
able capability of aircraft coupled with the ability to notify a violator and
initiate "hot pursuit" supports the limited area coverage capability of ships.
Ships, on the other hand, provide the best alternative, external to the fishing
vessels, to monitor operations through boardings, and to complete the appre-
hension act when it is required. The unique ability of ships to satisfactorily
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execute the apprehension act, in addition to performing detailed surveillance/
monitoring, support and other enforcement-related operations makes them directly
applicable to an effective enforcement program.

Mission Profiles

The total of 41 different profiles were generated for the three specified
ELT missions. The profile tables for ELT missions are given in Tables IV-IX
through IV-XI, These prcfiles correspond to existing operations as given in
Table IV-XII. The proposed basing and current platform used in these missions
has been given previously in Table IV~VII. It should be noted that some pro-
files are associated with more than one operation, e.g., 2.1.18 reflects both
Gaum/Marianas operations and Summer Salmon operations, and some operations are
described by more than one profiles, e.g., Southern New England search opera-
tions 2.1.1 and 2.1.3. When operations require similar airship operations they
can be grouped under the same profile. Similarly, an operation may at times be
described by different profiles.

Summary of Potential Airship Participation in the ELT Program

Airships can be used for:
a. Drug Enforcement

b. Fisheries Enforcement
Airships provide:

a. Combine Characteristics of Ships and Aircraft

higher speed than ships

not affected by sea state

high sweep rate due to speed and altitude
slow speed and hover capability

ability to board;

[}

b. Presence
c. 'Hot Pursuit" Capability

MARINE ENVIRONMENTAL PROTECTION PROGRAM

Objective

The primary objective of the Marine Envirommental Protection Program (MEP)
is to maintain or improve the quality of the marine enviromment through preven-
tive measures. The secondary objective is to minimize the damage caused by
pollutants discharged into the marine enviromment by providing coordinated and
effective response to remove discharges of oil or hazardous substances.
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TABLE IV-IX
PROFILE LIST
Mission: ELT SEARCH
T A S K S
Search
(1,000 nmi)
~
=4 ~
-l ~~ (=W
E ‘E 8/\ 4 ~ ~ [ 1)
' =] MR [=1 =} N [++] Q
-~ s ) ) c 3 —~ c
Fu) oot g -l ~ - = 1]
i — o - =} Is) I <= I
-] [=] Ealkas! o] 191 = o " ~ o)
Profile g S 18N 2 o - = 8 = z 3
s |9
Designator & ~ G & g & & < 2 S & o
2,1,1 0 0 0 0 20 10
f2.1.2 0 0 0 35 35 75
2,1.3 0 100 4 20 20 25
2.1.4 0 100 6 35 35 100
2.1.5 50 0 0 3 3 10
2.1.6 56 50 4 10 10 50
2,1.7 50 0 0 15 15 50
2.1.8 S0 50 2 15 15 100
2.1.9 50 0 0 20 20 25
2.1.10 50 100 4 20 20 100
2.1.11 50 200 10 35 70 200
2.1.12 150 |50 2 5 5 50
2.1.13 150 100 4 20 20 100
2.1.14 500 50 2 25 25 50
2.1.15 500 100 4 25 50 200
2.1.16 500 200 8 50 100 100
2.1.17 2,000 oo 4 25 °25 50
2.1.18 2,000 1130 6 50. 50 25
2.1.19 2,000 poO 8 75 100 50
2.1.20 1,000 0 8 15 15 300
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| TABLE IV-X
' PROFILE LIST

i Mission: ELT SEARCH AND BOARD

TASKS
Search
i (1,000 n2mi)
~~
-9
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-t ~ [« -t
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o ~ t:'\c/‘ ! QE) -3 5 -il) ’: 5
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Profile “ 4 8w Kz @ ~ Z s ot 2 9.
Designator = " = = = & << @ 3 = o
2.2.1 0 |190 4 20 20 2 25
i 2.2.2 0 |100 6 35 35 2 100
2.2.3 50 50 2 10 10 2 10
2.2.4 50 50 2 15 15 2 50
2.2.5 50 | 100 4 20 20 2 10
i 2.2.6 50 {200 | 10 35 70 4 100
2.2.7 150 50 2 2 5 2 10
2.2.8 150 | 100 4 20 20 2 100
2.2.9 500 50 2 25 25 L4 25
i 2.2.10 500 | 100 4 25 50 4 100
2.2.11 500 | 200 8 50 100 2 200
2.2.12 2,000 |100 4 25 25 4 . 5Q
2.2.13 2,000 |150 6 50 50 2 ‘ 25 '
i 2.2.14 2,000 |[200 8 75 100 \ 2 50
2.2.15 1,000 8 8 15 15 2 50
i
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TABLE IV-XI
PROFILE LIST

Mission: ELT SEARCH, BOARD, AND SEIZURE
T A S KS
Search
(1,000 n?mi)
~

o ~~
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Designator 2] o 2 > o R - < 2] = &= o
2.3.1 25 50 15 15 15 2 0 2
2,3.2 25 50 2 15 15 2 100 1
2.3.3 50 100 20 20 20 2 0 2
2.3.4 100 100 20 50 50 2 0 1
2.3.5 1,000 200 50 50 50 2 0 2
2.3,6 500 0 50 15 15 2 0 2
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Southern New England
New England
Southern New England
New England
Cheaspeake Bay
Texas

Middle Atlantic
Middle Atlantic
West Florida:

West Florida

S.E. Alaska
Louisiana

West Coast

Sunmer Herring
Ground Fish

Ground Fish

Far Aleutians
Gaum/Marianas
Summer Salmon
Summer Salmon
Straight of Yucatan
Windward Passage

Hawaii
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TABLE IV-XII
PROFILE CORRESPONDENCE TO ELT MISSIONS

DESIGNATOR

Search

2.1.1
2,1.2
2,1.3
2.1.4
2.1.5
2.1.6
2.1.7
2.1.8
2.1.9
2.1.10
2.1.11
2.1.12
2.1.13
2.1.14
2.1.15
2.1.16
2.1.17
2.2.18
2.1.18
2,1.19
2.1.20
2.2.20

2.2.10

Iv-25

Search
and Board

2.2.1

2.2.2

2.2.3

2.2.4

2.2.5
2.2.6
2.2.7
2.2.8
2.2.9
2.2.10
2.2.11
2.2.12

2.2.13

2.2.14

2.2.15

2,2.15

Search, Board

and Seizure

2.3.1/2.3.2
2.3.1/2.3.2
2.3.2

2.3.1

2.3.1/2.3.2

2.3.3
2.3.4

2.3.3
2.3.3.
2.3.4

2.3.4

2.3.4

2.3.5

2.3.5

2.3.5

2.3.5

2.3.6

2.3.6

2.3.6
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Program Description

Congress has established the restoration and maintenance of the chemical,
physical, and bioclogical integrity of the nation's waters as a national ob-
jective. The Coast Guard is the primary maritime agency empowered to meet this
national objective.

The role for the Coast Guard in marine envirommental protection is a logi-
cal extension of its traditional missions in marine and port safety and law
enforcement.

The MEP Program is divided into six major operational components: re-
sponse, enforcement, preyention, monitoring and surveillance, impcct assessment,
and in-~house abatement.

Initial efforts were designed to solve the immediate problem of minimizing
the effects of pollution. More recent actions have concentrated on developing
an adequate cleanup (response) capability to effectively remove most oil dis-
charges. Current efforts in this area are concentrating on special technical
problems for oil removal, removal of hazardous substances, and the removal of
pollutants in the arctic enviromment.

In addition to attempting to resolve the immediate problems of cleanup, a
second phase has been initiated to eliminate all types of discharges. Efforts
are being directed at establishing an effective enforcement program, coupled
with public awareness and education campaigns. Future efforts in this area will
attempt to improve the level of enforcement in the coastal areas and to provide
limited coverage in those outlying areas where little or no enforcement activity
is presently conducted.

The U. S. Coast Guard Pollution Prevention Regulations for vessels and oil
transfer facilities, which went into effect on 1 July 1974, signified the begin-
ning of the third phase of the Program - prevention. Additional regulatioms,
such as those dealing with hazardous substances, will be developed as necessary
in conjunction with public education efforts, in a unified enforcement approach.

Several other initiatives support the response, enforcement, and prevention
phases of the MEP Program. Monitoring and surveillance serve to meet program
objectives in two ways. Firsi, adequate detection enhances enforcement capa-
bilities as well as being a deterrent which aids in preventing discharges.
Second, this activity provides the Coast Guard with an impact assessment capa-
bility which can be used 1o judge the damage or the impzct of pollutants on the
marine enviromment. This information is required to ensure effective cleanup
and to establish effective prevention policies. Initial steps tc accomplish
this are taken by providing surface and air surveillarnce in coastal and port
areas.

To complement the aircraft, cutters, and boats that cenduct the bulk of the
MEF Program, three major items of responge or cleanup equipment are in use.
These are (1) the Air-Deliverable-Antipollution Transfer System (ADAPTS), (2) a
high seas cil containment device, and (3) two types of oil recovery devices.

T
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Potential Airship Missions

After discussions with cognizant personnel in the MEP Program OQOffice, three
MEP missions were selected for further evaluation. These are:

- MEP Surveillance, Detection, and Identification (Sample)
— MEP Logistics Support
- MEP Command and Control

The Surveillance and Identification mission is associated with three dis-
tinct operations: R

- Aerial surveillance of ports handling ten million tons or more of petro-
leum per year,

- Coastal surveillance
- QOcean dumping operations

Airships are suited for MEP surveillance operations because of their speed,
station keeping, and altitude characteristics. The alrships considered for this
study should be capable of hovering or traveling at speeds of up to 90 knots.

Operating at an altitude of 5,000 feet at a cruise speed of 60 knots or
more, alrships have a sweep vate almost comparable to airplanes and signifi-
cantly greater than ships. The speed range of an airship allows it a quick
response capability in emergencies, and yet it can also perform close-in sur-
veillance at low speed.

Hovering is required for boarding operations. Sampling of detected pollu-
tants can be handled at low speeds or in hover. The airship can operate close
to the surface or at altitude up to 5,000 feet. The low altitude capability
would be used for boarding, sampling, or close-in surveillance and the higher
altitudes can be used for large area surveillance. Another significant attri-
bute of the airship is its high visibility. The presence of a Coast Guard
airship could be a strong deterrent to intentional dumping. For pollution
detection operations it is assumed that an airship will be equipped with the MRS
Aireye sensor packagess.

The combination of relatively high payload, compared to helicopiers or an
MRS, high speed and hover capability makes an airship a useful vehicle for
logistics support in cleanup operations. Tt is not restricted by high sea state
or shallow water, which are frequently the type of conditions in which large
tanker accidents occur. Tre airship, as designed for Coast Guard missions,
would be able to carry and deliver to the scene the ADAPTS package. For these
missions the airship is assumed to be able to carry the ADAPTS system, repeating
this ferrying operation three or four times before refueling. In the Torey
Canyon spill of 1976, although the ship was ounly 26 miles offshore, a trip of
over one hundred miles by sea was required due to shoals. 1In order to delive:

v-27

A Al g gy N o P v e e e o R




NADC-80149-60

the equipment it was necessary to use a U.S. Army Skycrane. Currently large
clean-up equipment such as ADAPTS is stored at central locations throughout the
country. This equipment must be transported to a staging area and then de-
livered to the incident. HC-130 aircraft are used to fly the equipment long

distances. Airships could be used to deliver the equipment directly to the
scene.

Additional missions under the MEP Logistics Support are associated with
carrying and deploying booms, herders, burning agents, dispersants, sinking
agents, etc. While the number of occurrences of these incidents may not be
large, the importance of having the capabilities of the airship at these times
is great.

For command and control functions at the cleanup scene, an airship provides
an ideal platform for coordinating operations. 1Its ability to operate at low
speed above, but close to, the incident is useful in obtaining information,
determining the status, and giving commands. Its high~speed capability provides
a quick response and allows surveillance of the entire scene in short periods of
time. Its high endurance allows control to be maintained from a single platform
for the duration of most operations. It can also be used to ferry personnel and
as an illuminating platform for night-time operations.

Mission Profiles

For the MEP program there are 23 profiles for the three mission types. The
profiles and occurrences listed for the surveillance and sample mission reflect
the requirements specified in the MEP Program Standard®? provided here in Table !
IV-XIII. The correspondence of the profiles in Table IV-XIV with the operations
is as follows:

- Port Surveillance Profiles 3.1.1 ~ 3.1.4
- Coastal Surveillance Profiles 3.1.3 - 3.1.7 \
~ Ocean Dumping Profiles 3.1.8 ~ 3,1.11 :

Profiles 3.1.10 and 3.1.11 are associated with the criterion of boarding 15
percent of all "A” vessels and a spot check boarding of "B" vessels.

The logistic support mission is associated with delivering of clean-up
equipment. The profiles are given in Table IV-XV. Profiles 3.2.1 and 3.3.3 are
associated with an operation in which the airship is assumed to be able to carry
the ADAPTS system, repeating a ferrying operation three or four times before
refueling. The remaining profiles listed under the MEP Logistics Support mis-
sion are associated with carrying and deploying booms, herders, burning agents,
dispersants, sinking agents, etc. While the number nf occurrences of these
incidents may not be large, it is of great Importance to have the capabilities
of the airship at these times.

The remaining profiles, Table IV-XVI, are associlated with command and

control functions at the cleanup scene. These operations are treated in Pro-
files 3.3.1 - 3.3.5.
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TABLE IV-XIII
PROGRAM STANDARDS

PROGRAM: MEP

-

10.

ELEMENT

Monitor liquid bulk transfer
operations of o0il or hazardous
substances.

Board tanker vesselg to ensure
compliance with pollution laws.,

Conduct patrols of the essential
harbor areas.

Conduct patrols of remote
harbor areas.

Spot-check liquid bulk
waterfront facilities.

Inspect liquid bulk
waterfront facilities.

Survey liquid bulk
waterfront facilities.

Send monitor to scene of
discharge,.

Remove polluting diccharges
where not done or inadequate
by responsible perty.

Conduct aerial surveillance
flights in port areas handling
10 million tons or more of
petroleum per year, including
deepwater ports and their
approach channels.

Iv-29

RELATED CRITERIA

20%-307% of vessels with a tank
capability of over 250 BBLS. 50%
of tankers arriving at deepwater
ports.*

10% - 15%

1/day daylight hours
1/week nighttime

Once/week

Once/month

Twice/year

Bi-annually

All discharges where Coast Guard
is predesignated on-scene
coordinator including deepwater
ports.*

All discharges when required and
removal is feasible.

Twice a week for deepwater ports.*
Frequency of flights for port areas
based on actual amount of petroleum
handled. Varies on a sliding scale
from 1 patrol/week for 10 million

tons to 6 patrols/week for 250 million

tons.

*Deepwater port criteria effective pending operation of LOOP (FY-80).
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TABLE IV-XIII
PROGRAM STANDARDS
(Continued)

PROGRAM: MEP

11,

12.

13.

14,

15.

ELEMENT

Conduct coastal surveillance
flights over territorial
waters, contiguous zone,
prohibited zone, and expanded
jurisdiction zone mandated by
FWPCA amendments of 1977,

Send Coast Guard representative
to scene and investigate
discharges.

Conduct surveillance of
ocean dumping operatious
authorized by permit.

Inspect records and logs
required at deepwater ports.

Inspect oil transfer
controls and procedures at
deepwater port terminals.

RELATED CRITERTA

See Marine Safety Manual, CG-495,
Volume VI.

Frequency of patrols for 1977
amendments to FWPCA expanded zomne
to be determined.

All discharges (adequate investi-
gators by other agencies may be
used).

75% of Category "A" dump
operations, 10% of Category "B"
operations, 15% boarding of "A"
vessels, spotcheck boardings on
"B" vessels.

Quarterly*

Quarterly*

*Deepwater port criteria effective pending operatiom of LOOP (FY-80).

-
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TABLE IV-XIV
PROFILE LIST

1

§ Mission: MEP SEARCH AND SAMPLE
T A S K S
i Search 1
(1,000 a?mi)
S
=3 -~
T 133 S
MEEAEE § 3 El oz | ¢
i u = 5‘ 1 .3 few’ it t o
-~ —t e} — = iw) & Lz 3]
@ o) S R o = = o o ~ H
Profile 5 o TR z",,’ P - = 5 B 3 o
ro H I [V o =} 5 7 0 Q ) 3]
Designator 2] [ L = = o < @ = ] o
| 3.1,1 50 10 .5 10 10 100
3.1.2 50 10 W5 20 20 50
3.1.3 100 10 .5 10 10 100
3.1.4 100 10 .5 20 20 100
' 3.1.5 100 10 .5 25 50 100
3.1.6 500 10 .5 25 50 50
3.1.7 1,000 10 .5 25 50 25
3.1.8 200 0 4 100
! 3.1.9 560 0 A 100
3.1.10 200 0 4 1 10
3.1.11 500 0 4. 1
\
i
)
]
Iv-131 )
o
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TABLE IV-XV
PROFILE LIST

Mission: MEP LOGISTICS SUPPORT
T A S8 K S
Search
(1,000 n2mi)
S~
oL
—~ 5 )
T la|® <
E | 2| &% FRR Pl 2 :
- =, ] o < o ~ I
] [=3 = -t - o 19 a4
i ~ o] — =] LY & o~ 1]
e 2 | T3 3 b 2 T g ~ 5
Profile © i © o I 0 - 1 < af <3 o
Designator & o & & = 5 & < 2 3 o S
3,2.1 200 10 8 17,000 1
3.2.2 50 10 2 17,000 1
3.2.3 50 10 4 500 10
3.2.4 50 10 4 1,000 1'0
3.2.5 100 10 4 500 10
3.2.6 100 10 4 1,000 10
3.2.7 100 10 8 3,000 5
I
1V-B2
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TABLE IV-XVI
PROFILE LIST

Mission: MEP COMMAND AND CONTROL
T A S K S
Search
(1,000 n2mi)
-~
o
= ~
~ ot L0
Ll ~~ a. —t
g E gJ,A o ~ ~ ¥}
E 5 v c g " o t
o T 3 0 £ 3 —~ g
u = =] fou -~ - — o
o — e - 3 o o s v
2 2| Ta 3 5 a I 3 ~ 5
Profile FlElEEl a2 % 8 %3] % 3l
Designator = o v = far ~ < ] - £~ o
3.3.1 50 4
3.3.2 50 12
3.3.3 50 24
3.3.4 100 8
3.3.5 100 36
IV+33
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For the purpose of generating profiles for the logistics and command and
control missions, the data on the number of pollution incidents and Coast Guard
partlcipation in cleanup operations was obtained from the Coast Guard's Pollu-
tion Incident Reporting System (PIRS). Tt was assumed the airship participation
in these cleanup operaitions would be predominantly limited to spills of greater

than 10,000 gallons. It is expected that for smaller spills, other platforms
would be utilized.

Summary of Potential Airship Participation in the MEP Program

Airship participation in MEP operations can include:
a. Survelllance

- including sampling capability
b. Logistics Supply

~ capable of delivering sklmmers and large pumps

¢. Command, Contrcl, and Communicatjons Platform for Large Clean-up
Operations

- provide illumination for night time <cperations

MILITARY OPERATIONS/PREFPAREDNESS PROGRAM

Objective

The objective of the Military Operations/Preparedness (MO/MP) Program is to
maintain the Coast Guard as an effective and ready armed force prepared for and
immediately responsive to assigned tasks in time of war or national emergency.
This includes readiness to function as a specialized servics in the Navy in
time of war, responding to national disasters and domestic emergencles, and the
efficlent conduct of peacetime misslions. The program unifies both preparedness
and operations.

Program Description

In order to maintain the Coast Cuard as an effective and ready armed force,
MO/MP combines training with the preparation of contingency plans based on
realistic assessments of Coast Cuard capabilitiles. Joint command pust, joint
operational, multi-uuit, and individual exercises, are scheduled periodically to
promote military preparedness. The Coast Guard participates in DOD's World-wide
Military Command and Coutrol System (WWMCCS). Participation in Fleet and inter-
service exercises is geared to ensure that personnel and material performance
are equal to Navy standards.

Typical tasks which may be required of the Coast Giara in wartime are:

surveillance for enemy forces, antisubmarine warfave (ASW), protection of off-
shore installations, convoy escort, aud logistics supply.

V=34
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Potential Airship (MO/MP) Missions

The MO/MP program is unique among the elght programs identified in this
study for potential airship utilization. It is a support program set up to
respond to contingencies. In this role it is not utilizing assets om a daily
basis. In fact, the program does not have assigned assets. However, when the
Coast Guard purchases a platform, it does consider the military capability. The
airship is analvzed within this context.

Consistant with the historical use of Navy airships and the roles identi-
fied in the MO/MP program, ten missions were specified as follows:

- MO/MP Patrol

- MO/MP ASW Sonobuay Surveillance

- MO/MP ASW Towed Array Surveillance

- MO/MP ASW Sonobuoy Surveillance and Artack

- MO/MP A3W Towed Array Surveillance and Attack

- MO/MP Ocean Industry Protection (0IP), Surveillance

- MO/MP Ocean Industry Protection, Surveillance, and Inspection
- MO/MP Convoy Ships

- MO/MP Logistics and Supply

- MO/MP Inshore Underwater Warfare

Three types of search and surveillance operations are identified; patrol,
sonobuoy search, and towed array search. These differ in the type of sensors
used. Patrol would rely on radar and visual search looking for aircraft or
objects on the ocean surface. Sonobuoys and towed arrays would be used pre-
dominantly for ASW operations. Airships wculd utilize sonobuoys in a manner
similar to aircraft. A sonobuoy field would be laid and then monitored by the
airship. Additicnal sonobuoys could be deployed as operations require. Because
of the airship's long endurance a field could be monitored for much longer
periods of time than is currently accomplished by patrol alrcraft.

A specially designed towed array, for air operations, could be deployed by
an airship operating at low altitude and slow speed. Because an airship is not
in direct contact with the water its radiated noise greatly minimizes inter-
ference with the performance of the sensor. The higher speed capabilities of an
airship, as compared to a ship, enhances its operaticnal effectiveness. A
standard tactic in the employment of towed arrays is ''sprint and drift" in which
the array is towed at low speed (drift), to search an area, and then towed to a
new area at higher speed (sprint). The higher the speed of the sprint cycle the
more effective the operation.

Upon detection ol a submarine an airship may either maintain surveillance
or initiate an attack. The attack may be made by anotirer platform in the area,
e.g. surface ship or submarine, or carried out by the airship. For attack, the
airship would be equipped with torpedoes.

Ocean Industry Protection (QIP) is a missicn the Coast Guard may be re-
quired to perform in peace time as well as in war time. 01l platforms, deep sea
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ports, etc., are sisceptible to terrorist attacks as well as military action.
The speed and endur.unce of an airship allow for surveillance of a aumber of
platforms during a single flight. At an offshore site an airship can either
perform low speed visual inspection or allow direct inspection by a boarding
rarty.

The range, speed and payload capability makes an airship an ideal platform
for logistics and supply of moderate size payvloads. This is true for non-
military programs, i.e., MEP, A/N, etc., as well as for the MO/MP program.
Because of its ability to hover, an airship could supply remote areas where
basing or port facilities are minimal or non-existent.

The protection of cpastal and adjacent waterways from penetration by hos-
tile forces is an area of increasing concern to the Coast Guard. The airship's
ability to do large area search from high altitude as well as close in search
from near the surface can be well utilized in Inshore Underseaz Warfare. Swimmer
teams, for investuigation or attack, can be transported and deployed and re-
covered by hovering airships. The speed and endurance of the airship allow for
a range of operations.

Mission Profiles

Mission profiles for the MO/MP missions are given in Tables IV-XVII -
IV-XXVI. There are a total of 109 profiles specifiad for the ten different
missions. MO/MP operations are not performed on a daily basis, rather they are
formulated to meet emergency situations that arise. Therefore, the exact nature
of. and the need Ior a mission is dependent on the type and severity of the
centingency. The measures for each task are varied to assure spanning the
operational requirement of the potential missions and to show the potential and
diversity of the airship contribution to MO/MP overatioms.

Occurrences are not given for these profiles. Therefore, the MO/MP
missions are not accounted for in the determination of the total airship

requirement.

Summary of Potential Airship Participation in the MO/MP Program

Potential mission areas for airship participation in MO/MP operations are:

- patrol

- ASW sonar surveillance/attack

- QIP surveillance/inspection

- escort of convoys or independent ships
~ logistics and supply

- inshore undersea warfare

NOTE: While the MO/MP Program does not have dedicated assets, operations would
typify part airship military roles.
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TABLE IV-XVII
PROFILE LIST

Mission: MO/MP PATROL

T A S K §
]
Search
(1,006 n2mi)
~
of
—~ 5 2
- — (o :3
E E gJ) ~ ~ ~ 1]
- 5] X N c = " @ Q
- E. o o} =] 3] ~ [~
o e = o o ol M o
ol - [} H ~ =] 4 L = I
E R i vRe S 5 = = a ~ 3
Profile “ i) 3 K w — s o e 2 TN
Designatocr = & w > S & < = 3 = 8
4.1.1 25 25 10 10 0
4.1.2 25 25 100 200 0
4,1.3 100 25 | 10 10 0
4.1.4 100 25 50 100 .0
4,1.5 500 25 25 50 0
4,1.6 500 25 100 200 0
4,1.7 1,000 25 25 50 0
4,1.8 1,000 25 100 200 0
4.1.9 3,000 25 25 50 0
4,1.10 3,000 25 100 200 0
\
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TABLE IV-XVIII

PROFILE LIST
Mission: MO/MP ASW SONOBUOY SURVEILLANCE
T ASKS
Search f
(1,000 n%mi)
-
& -
2 153 2
-
=] E @D~ o — 8
PR I . R | 3
| 5 1= |8 — 5 3T , z £ ¢
n o ol -l o - p=] 3= o o
= b oo =] Fe) - - Lol 5 2
Trofile 5ol s |35 1 3 : 3 E ] 8| & 3l g
Designator 12 (¥ v > - [ < 0 - = c
4,2.1 50 ‘ 10 0
4.2.2 50 50 0o
4,2.3 100 50 0
4.2.4 100 100 0
4.2.5 500 10 0
4.2.6 500 50 0
4.2.7 500 100 0
4.2.8 1,000 10 0
4.2.9 1,000 100 0
4,2.10 1,000 500 0
4,2.11 2,000 10 0
4.2.12 b, 009 100 0 4
4.2.13 2,000 500 o
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TABLE IV-XIX
PROFILE LIST

Mission: MO/MP ASW TOWED ARRAY SEARCH

T A S K S
Search
(1,000 n?mi)
-
of

~ 5 a

~ JE ulzg g [=) 1: ] 8

s st g 2 < - o g

o — = . 3 L o < v

18 lzg | 3 B2 x| T | 2 S
Profile o o o S & 0 ~ v o et e o
Designator = [ v = S & < a 3 £ 3
4.3.1 50 10 0
4.3.2 50 50 0
4,3.3 100 | 50 0
4.3.4 100 100 .0
4,3.5 500 10 0
4.3.6 500 50 0
4.3.7 500 100 0
4.3.8 1,000 10 0
4.3.9 1,000 100 0
4.3.10 1,000 500 0
$.3.11 2,000 10 0
4.3.12 2,000 100 ’ 0
4.3.13 2,000 500 0

\
*Equivalent Po tow task f&r towed |array.
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TABLE IV-XX
PROFILE LIST

e A o ety 00

Mission: MO/MP ASW SONOBUOY SEARCH AND ATTACK
T A S K S
Search
(1,000 n4mi)
-~
o !
= ' ~
~ -l fal
ol ~ [~ ~
E 1 E| 8- - = | . g
~ 5 Mo 5 = E 3 ~ g
I o eS| & 2 < - 9 T
-~ — 15} H — =1 ) & = K d
e A R vher g o 3 T 2 ~ 5
Profile | & | g1 2% | 3 : 3 % 8| % gl g
Designator, = A v , = = ~ < loa = & <
. ] T
4.4.1 50 50 1 10 0
4.4.2 50 10 I 50 0
4.4.3 50 50 1 ' 50 0
4.4.4 100 10 1 10 0
4.4.5 100 50 1 10 0
4.4.6 100 50 1 50 0o 1
4.4.7 500 10 1 10 0
4,4.8 500 50 1 50 0
4,4.9 500 | 10 1 100 0
4.4.10 500 | 50 1 100 0
4.4,11 1,000 10 1 10 0
4.4.12 1,000 50 1 100 0
4.4.13 1,000 50 1 500 0
4.4,14 ,000 10 1 100 0
4,4,15 2,000 50 1 10 0
4.4.16 &,000 50 1 100 0
4.4.,17 2,000 50 1 500 0
| )
|
)
i
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TABLE IV-XXI
PROFILE LIST

Mission: MO/MP ASW TOWED ARRAY SEARCH AND ATTACK

T A SKS
1
Search
(1,000 n?mi)
-
aof

- 5 -

i ~ a ﬁ

E - (¥} — .

=1 =] U~ Y —~ ] )

~ £ M.E. 5 = H ] 9]

u SR = 3 £ = = ]

-~ — S I 3 2 * o = M

e |5 |sg | § & 2 T | 3 |k
Profile o s 9 © 7] @ - oy o ot 3 B .
Designator = A @ e s & Y < 2 3 = S
4.5.1 50 50 1 10 200 0
4.5.2 50 10 1 | 50 1,000 0
4,5.3 50 50 1 S0 1,000 9]
4,5.4 100 10 1 10 200 -0
4.5.5 100 50 1 10 200 0
4.5.6 100 50 1 50 1,000 0
4.5.7 500 10 1 10 200 0
4.5,8 500 50 1 50 1,000 0
4.5.9 500 l 10 1 100 2,000 0
4.5.10 500 50 1 100 2,000 0
4.5.11 1,000 10 1 10 200 0
4.5.12 1,000 | 50 B 100 2,000 0
*Equivalent fto tow tasked (for towed array. '
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Mission: MO/MP OIP SURVEILLANCE
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TABLE TV-XXII
PROFILE LIST

r' - T
]
T A S K S
N | —_—
Search 1
(1,000 n?mi} ' ‘
5 R
- 5 )
T o & c
= E 4~ L —~ [
~ g %k, g g 2 3 ~ g
o] = g wt - o - o
L et Q — =] < & = -
] (o] o —i 3} = =] 3 wn e 1o
£11 g 58T 5 ) = o= & ps 5 3
Pro € 4 w o . - b= o (7] ) Q ) 0
Designator ) [ W= > — % ; a & rd = o
| -
4.5.1 5o | 100 1 1 ; ‘ 0
4,6.2 50 200 3 1 1 0
4,6.3 30 200 2 5 5 0
4,6.4 200 10G6 2 1 1 0
4,6,5 200 200 2 5 5 0
4.6.6 400 100 5 5 5 ; 0
4.6.7 400 500 10 5 5 0
4.6.8 400 FOOO 10 5 5 0
4,6.9 400 1000 20 10 10° 0
4.6.10 400 OO0 10 i0 10 0
\
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IV-XXIII
PROFILE LIST

TABLE

MO/MP OIP SURVEILLANCE AND INSPECTION

Mission:

20UB1.4NDIQ

(1) molL

(41) 82161801

¥
A.ﬂc vieoq n o O n .o n o nn o O O
— — - ) wy wy, ™~
hSVY
[75]
- I
4 rd
%] 9m uoT INTI0d
Lo
< 3]
H O Y
£ 38 o o 3
N - QUBWNABU] |t v 10 — 17 1 10 N o~ >
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TABLE IV-XXIV
PROFILE LIST

MO/MP CONVOY SHIPS

Mission:
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TABLE IV-XXV
PROFILE LIST

Mission: MO/MP LOGISTICS AND SUPPLY

T A S K S AJ
] o
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Designator, & | & | && { z g T Z 8| 3 g 8
) 1
4.9.1 50 i ! 500 0
4.9.2 50 i 2,500 0
4.9.3 50 i 5,000
4.9.4 500 ' 500 .0
4.9.5 500 2,500 0
4.9.6 500 l 5,000 0
4.9.7 2,000 500 0
4.9.8 2,000 2,500 0
4.9.9 2,000 _ 5,000 0
4.9.10 5,000 5,000 0
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TABLE IV-XXVI
PROFILE LIST

MO/MP INSHORE UNDFRSEA WARFARE

Mission:

aouai1anddg | ©

o Tt st aosd Sl

T A S K S

(1) moy

rrn e

500
509

(q1) so13s;807

500

(1y) paeoq

-

Search
(1,000 n2mi)

nsy |

-

Raa e T e e T IR T

uoINTTO4

JuaWNIIsUT

1V-46

Tens¥A

s

(29) TrRaL |
/3urdaay uoylwig

(Fau) 101384

100

10
200

2

(Fwu) 3Fsueay

10
‘100
i 200

\
|
|

Designator
4.10.1

Profile

4.10.2
4.10.

3




NADC-80149-60

MALINE SCIENCE ACTIVITIES PROGRAM

Objective

The objectives of the Marine Science Activities (MSA) Program are to pro-~
vide marine science support to all Coast Guard programs and to support national
economic, scientific, defense, and zocial needs.

Program Description

The Coast Guaird marine science effort emphasizes applied oceanography in
support of Coast Guard programs and missions. Coast Guard activities in Search
and Rescue, Marine Environmental Protection, and Ice Operations cely heavily on
the oceanographic and meterological information obtained through MSA operations.

The Coast Guard has the greatest federal presence in the coastal zone and
has the sole U.S. capability for surface transit of ice=-covered waters.

The Coast Guard has a long history of cooperation with the National Oceanic
and Atmospheric Administration (NOCAA) through projects with the MNational Weather
Service /NWS), National Marine Fisheries Services (MMFS), and National Ocean
Survey {(NOS). Additionally, mutual interests have stimulated exchanges of
services between the Coast Guard and the Department of Defense.

The following brief summary highlights sowme of the most signficant activi-
ties carried out by the Coast Guard through MSA:

a. International Ice Fatrol - Commenced in 1914 after the sinking of the
TITANIC, now conducted under international agreement. Aircraft and ships are
deploved each year from February to August to detect icebergs near the North
Atlantic shipping lanes and to study ice and current condi“ions;

b. Oceanographic Services - Applied oceanography to support Coast Guard
operations. Sea surface current studies are conducted to assist in computerized
Search and Rescue planning. Computerized models of sea currents for the entire
U.S. coastline are being developed. 1In addition to SAR operations, these models
have application in pollutant drift prediction and the planning of deep water
ports. Other coastal projects being conducted include estuarine pollution
studies, time dependent current modelings, and bays and sounds modeling;

c. Data Buoy Project - This project is administered by the National Oceanic
and Atmospheric Administration with Coast Guard providing operational support
for deployment and servicing of buoys, a technical staff, and a communications
system to relay buoy data. An extensive network of buoys provides marine environ-
mental data over the coastal U.S. from the Gulf of Maine to the Gulf of Alaska
and the Great Lakes;

d. Marine and Coastal Weather Observation and Reporting - This project is
conducted as a cooperative effort with the National Weather Service and the
Naval Weather Service Command for use in preparation of mavine weather fore-
casts. Approximately 170 shore stations and 50 cutters report weather data
several times daily. National Weather Service prepared weather forecasts are
broadcast to local marine uscrs over Coast Guard communications facilities;
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e. Coonerative Projects - The Coast Guard engages in cooperative projects

wich various federal agencies and provides marine science expertise and resources

to further natiomal goals in open ocean and coastal programs. Many of these

projects represent unique efforts, where the Coast Guard contributes most or all

of the data and services:

-~ Airbornn Radiation Thermometer Surveys - Charts of sea surface tempera-
tures in continental shelf regions are compiled from data acquired monthly by
Coast Guard alrcrafr_ using infrared radiation thermometers. .hese charts of
both the east and west coasts are provided to U.S. Government. agencies and the
civilian maritime community for use in search and rescue, marine envirommental
protection, and fisheries related problems.

~ Ocean Sounding Program -~ Bathymetric data are routinely supplied to the
Defense Mapping Agency Hydrographic Office by cutters engaged in regular Coast
Guard functions. 'These data become an input to charts used by all members of
the maritime cowmunity.

Potential Adrship Migsions

after discussions with cognizant personnel in the MSA Program Office and
review of pertinent literature four missions were considered for airship opera-
tions. These are:

MSA International Ice Patrol (IIP)

MSA Airborne Radiation Thermometer (ART)
NOAA Data Buoy Office Support (NDMO)
Miscellaneous

A succinect description of the nature and requirements of these missions is
given in reference (60) as follows:

"IIP - Aircraft are used as the primary method of tracking icebergs in the
North Atlantic Ocean. Occasionally, Coast Guard vessels are used to track and
mark the southern most icebergs and act as an aid to navigation . . . This
normally required three or more flights per week averaging 1,200 miles .

The length of the iceberg seasons is varilable but an average season of 123 days
occurs between March and July . .

"ART - The Coast Guard has been monitoring sea temperatures from aircraft
since 1962 . . . Selected air stations are responsible for two or three eight
hour flights during the one week of each month. A typical flight carries two or
three technicians as observers and 50 to 100 pounds of equipment. Monthly
surveys are flown at a nominal altitude of 500 feet . . . The infrared radio-
meter is sensitive to vibration and the heat effects from turbine exhaust .

"NDRO - The Coast Guard is tasked with providing operational services for
the NOAA Data Buoy Office in support of a network of deep ocean moored environ-
mental buoys. A recurring requirement exists for aircraft to investigate dis-
abled buoys and search for buoys which drift from station . . . The operational
buoys are widely distributed along the United States coast including the Gulf of
Alaska at ranges between 50 and 800 miles from the closest air station.
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"Miscellaneous - Examples of the types of services provided are: ferrying
scientific personnel and cargo, conducting aerial photography, monitoring cur-
rents and sediment patterns to determine pollutior dispersal, providing non-
search logistics support for IIP, airborne equipment test flights and flights in
support of othker-agencies such as NOAA, USGS, and EPA."

The IIP missions require that a specified area be totally searched on a
routine basis. While the length of the ice patrol season varies from year to
year, the requirements of each patrol remains fairly constant. How the search
is conducted is dependent on the type of platform used for the search. If long
endurance platforms are availalle, long missiuns would be advisable. If a
platform can only operate eight hours a day, missions should be shortened.
There is a requirement of searching the entire area of interest (approximately
100, 600 n%mi) once a week for 20 weeks a year.

Typical search patterns, for current operations using the HC-130 are given
in Figures IV-1 and IV-2.

IIP operations are frequency hampered by weather conditions. 1In the period
from early spring through early summer the poor visibility and ceiling condi-
tions off the Newfoundland coast interfere with IIP operations. The airship,
because of its ability to operate at very low speeds and its greater maneuver-
ability should be able to operate in many situations in which the HC-130, which
currently performs the mission, cannot. As discussed in Chapter III, airships
can operate under conditions of lower ceiling or lower visibility than fixed
wing aircraft., Table IV-XXVII, which comes from Appendix A, specifies the
expected occurrence of weather conditions for the Argentia area off the Newfound-
land coast. In the late spring and early summer the visibility/ceiling is
poorest and the wind conditions are least severe.

An airship also offers operational advantages in the ART mission. The low
level of vibration and the ability to isolate instruments from high temperature
sources or metallic parts make an airship an ideal platform for carrying the
sensitive scilentific instruments associated with this mission.

Mission Profiles

For the three MSA missions identified, there are a total of 11 profiles
given. For International Ice Patrol (IIP) there are four profiles given in
Table TV-XXVIII. These profiles are actually alternate sets of two profiles.
Depending upon the capabilities of the airship either the combination of 5.1.1
and 5.1.3 or the combination of 5.1.2 and 5.1.4 should satisfy the mission
requirement. The pair of profiles that can be most efficiently handled by the
point design airship should be the profiles chosen for this mission. The pro-
file configurations of IIP operations are based upon Figures IV-1l and IV-2.

Similar considerations should be given for ART and NDBO missions. The
profiles given in Tables IV-XXIX and IV-XXX are based on the number of flight
hours required as specified in reference [63]. The profiles can be modified to
efficiently utilize the point design airship as long as the requirements of area
survelllance are satisfied.
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TABLE IV-XXVIII
PROFILE LIST

Mission: MSA ICE PATROL, SURVEY OF NORTH ATLANTIC FCR ICEBERGS (IIP)

T A § K 8§
Search
(1,000 n?mi)
.
5 {
o~ = =
-~ LS ~
- E M.E. e o - @ 4
& s | 8 3 < 5 M §
) ~ -—f ] ]
- — ] o 3 o = s W
s |2 ldg | % 53 T | & | &
Profile ﬁ . © o @ @ = = o B z 2
Designator = oV o s A Y Z = 3 = S \
5.1.1 0 1 25 25 100%*
5.1.2 0 1 25 50 100%
5.1.3 200 1 25 25 S0%
5.1.4 200 1 25 50" 50%

*A total rehuirement of qpproxim*tely 15¢ daysJ Either 5.1.1 and 3.1.3 will bej used or
5.1.2 and [5.1.4 will be|used depending #n cosq effectivenesy.
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TABLE IV-XXIX
PROFILE LIST

Mission: MSA AIRBORSE RADIATION THERMOMETER (ART) SURVEYS 1
T A S K S
Search V ﬂ
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TABLE IV-XXX
PROFILE LIST

Mission: MSA NOAA DATA BUOY OFFICE (NDBO) SUPPORT

T A S K S
. T
Search
(1,000 n?mi)
-_
o
= ~—
~~ i L i
2 123 g
5 cE: Svd': ‘é =] ’L: (/] 3
- £ ] ) s 3] ~ £
[ I e~ E e < ot ) o
g - R B 2 3 o = £ o
Profile | § | 5 |5E | & oz 3 gz | f| % gl 4
Designator = ~ o - > e = < 7 = = o
5.3.1 100 AT* 100 2
5.3.2 200 100 2
5.3.3 500 100 2
5.3.4 1000 100 2
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Summarv of Airship Participation in MSA Operations

There is potential for airship utilization in the following MSA operations:

d.

{rternational Ice Patrol (IIP)

- has high endurance and payload capability

- less constrained by poor visibility and ceiling than HC-130
Airborne Radiation Thermometry (ART)

- has high endurance and payload capability

- instrumentation‘can te isolated from heat and vibration sources
- safe low altitude (500 feet or less) platform

NOAA Data Buoy Office Support (NDBO)

- investigation of disabled buoys

- search for drifting buoys

Miscellaneous

- ferrying cargo and personnel

- aerial photography

- eaviromment survey

PORT SAFETY AND SECURITY PROGRAM

Objective

The objective of the Port Safety and Security (PSS) Program is to safeguard
the nation's navigable waters and adjucent shore areas, including ports and
their related facilities, from accidental or intentional harm.

. Program Description

The Ports and Waterways Safety Act (PWSA) nf 1972 was written to prevent
damage to, or destruction or loss of auy vessel, bridge, or other structure on,

in, or near the navigable waters of the U.S. and to protect the navigable waters

and the resources therein from environmmental harm resulting from vessel or
structure damsge.

The Port Safety and Security Program is administered by the Coast Guard

Captains of the Port (COTPs). The Program is complex and interfaces with
several other program areas.

IV-56
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Currently, there are over 50 Captains of the Port with approximately 1,600
field billets designed for Port Safety/Security and Marine Envirommental Pro-
tection duties. These functions include monitoring and supervision of oil
transfer and hazardous cargo operations, cleaning-up pollution, conducting
harbor patrols, inspecting and surveying waterfront facilities, establishing
safety and security zones as required, and controlling movements and anchorages.

The many and varied activities of the PSS program can be categorized into
the following major areas:

- prevent intentional or accidental mishandling of cargo in U.S. ports and
waterways;

- prevent threats and acts of espionage, sabotage, and intelligence
gathering;

- reduce "he likelihood of fires and explosions in the port areas;
- reduce the probability of ship collisions or groundings;

- assist vessels to transit U.S. ports safely and economically in a mini-
mum of time;

- promote unified and consolidated rules of the nautical road in accordance
with international regulations for preventing cnllisions at sez;

~ enhance cargo security within the entire marine terminal complex.

Vessel traffic management is an Important means of assuring safe operation
in certain ports and waterways. This function is provided by Coast Guard Vessel
Traffic Services (VTS). Using a VHF-FM communication network, and in most cases
some form of electronic surveillance, information on vessel positions and
movements is collected by a shore-based vessel traffic center. After analyzing
the data, the VTS provides accurate and comprehensive information to vessels on
the status of other vessels and other relevant navigation information. 1In
addition, congestion or other conflict sltuations are predicted as far in ad-
vance as possible. Vessels are alerted to such potential problems so that
corrective measures can be taken.

Potential Airship Missions

Three mZssions have been identified under the PSS program in which airships
could be utilized. These are:

- PSS Fscort
- PSS Port Traffic Jontrol
- PSS Fire Fighting ZHquipment

The ascort mission 1is to provide traffic separation from, and escort to,

vegsels handling Class "A" explosives and cargoes of particular hazard, such as
liquid natural gas, which present a high risk to port areas. By keeping station
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in the vicinity of the vessel, an airship could provide a platform for direct
observation over a large area, a means for direct communication with the vessel
or any traffic in the vicinity, and a quick response capability to respond to
any problems that arise. The high visibility of the airship would provide a
presence to alert all traffic within the area.

The port traffic control operation is similar to the escort mission in that
the airship is maintained over a small area providing wide area surveillance
through radar and visual observation. Computer facilities and traffic control
personnel would be stationed on board and could communicate to port traffic via
VHF transmissiotis. Because of its mobility the airship could respond to port
emergencies or be available for close observation.

The Coast Guard is involved in fire fighting operations less than 25 times
a year, 1In fire fighting operations the airship could provide logistics sup-
port, transporting large pumping equipment to the scene. Also, if required, it
could serve as a platform for command, control, and communications., If an
airship were available, it could be used for logistics of these operations.
Therefore, the PSS Fire Fighting Equipment mission has been included in this
airship analysis.

Missions Profiles

Tables IV-XXXI through IV-XXXIII specify a total of 18 profiles for the
three PSS missions. The first mission 1s assoclated with the escort of vessels
carrying hazardous cargo. The exact nature of these operations depends upon the
port in which the escort is being provided. As before, the profiles are selected
to span the nature of these operations.

The second mission, port traffic control, is the only mission of this study
that is a new mission, proposed on the basis of the airship's capabilities.
Therefore, there are no existing operations upon which to base a profile, nor is
there an identifiable requirement from which the annual occurrence can be deter-
mined. The profiles given for this mission are given in Table IV-XXXII, as an
example of what the potential requirement for such an operation could be. The
exact details of such a mission will have to await the development of an airship
and additional analysis.

The third mission under the PSS program, fire fighting equipment, also has
a very low frequency of occurrence. The profiles given in Table IV-XXXIII are
provided to span the range of possible missions in which an airship may parti-
cipate. The payloads for the logistics task are associated with either a large
pump or the fire fighting equipment set.

Summary of Airship Participation in PSS Operations

For the PSS program the following missions have been identified for airship
utilization:

IV--58
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TABLE TV-XXXI
PROFILE LIST"

PSS ESCORT
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23U311N22( S S 8 % 2
— 4 -y — -
(ay) mog
(91) s213ISTd0]
(1y) paeog
MSY
w —
S !
u =% uorINITod
< 3] &
58 <
-~
S < JuaWNiIsu] =
c
Tensia
(A4) TFBAL | » 0 ~ © «~
/3utdasy uoilels - -
(rwa) (0a3Bd | 5 © © c ©
N Y O N o~
= -
(Twu) 3JFsuel] O O O O O
n oD O D
—~ o~ NN
_ —; -
o
LS
@ o
—~ e
H.W - N N
0®m | — oA o
r e - - - . .
| © © v v o
(2 -

Attt - -




NADC-80149-60

TABLE

IV-X¥XTII

PROFILE LIST

Mission:  pgg PORT TRAFFIC CONTROL
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TABLE IV-XXXIII
PROFILE LIST

Mission: PSS FIRE FIGHTING EQUIPMENT
T A S K S
Search
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a. Escort of vessels carrying hazardous cargoes !

station keeping in vicinity of vessel
large area surveillance

direct communication !
~ quick response;

b. Porc traffic control |
- mini vessel trafflic services (vts) |
~ simultaneous observation, command, control, and communications platform
- quick response;

c. Provide fire figHting equipment

-~ logistics support
- command and control

SEARCH AND RESCUE PRCGRAM

Objective i
The objective of the Search and Rescue (SAR) Program is to minimize loss of

life, injury, and property damage by rendering aid to persons and property in

distress in the marine environment, including the inland navigable waters.

Program Description

Search and Rescue is the mission which is most readily identified with the
Coast Guard. This mission is one of the Coast Guard's most traditional func-
tions and continues to demand the highest priority.

Economic and technological advances bhave changed the search and rescue
clientele. The rapid expansion of recreational boating, the increase of powered
! fishing vesscls, and the accepted responsibiiity of the United States to provide
a greater degree of assistance to the mariner on the high seas, has created new
gemands for providing search and rescue capability. The Coast Guard has re-
spcnded to these demands by evolving search and resrue systems that encompass
stations, shipe, aircraft, and boats which are linked by modern communications
; networks, and centrally controlled and directed by rescue coordination centers.

The current national SAR plan has established three SAR regions; Inland,
Maritime, and Overseas. The Coast Guard 1s the designated coordinator for the
Maritime region. SAR facilities have been established at numerous points along
g the East, West, and Gulf Coasts, and in Alaska, Hawaiil, American Samoca, and
Puerto Rico. *

The Maritime SAR region reachkes deep into the Atlantic and Pacific and

embraces all of the Gulf of Mexice. It should be noted, however, that 92 percent
of all SAR incidents occur within 25 miles ¢f/ the U.S. coastline.
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Potential Airship Missions

¥ Of all the Coast Guard programs, SAR probably has the most diversified
operating requirements. Because of the variety of services provided, it is
difficult to allocate the responses to a small number of categories. However,
within the degree of generality of this study, the following six categories can
adequately describe the mission profiles:

i - SAR Search

- SAR Search and Provide Equipment

- SAR Search, Provide Equipment, and Board

- SAR Search, Board, and Tow

~ SAR Board and Assist

- SAR Tow

There are factors that complicate the analysis of missions for the SAR
program. A platform does not have to be allocated to the SAR program to attempt
SAR operations. A platform may be involved with a different mission when a SAR
requirement occurs. The platform will interrupt 1ts assigned mission and under-
take the SAR milssion., Therefore, when responding to a SAR occurrence, the exact
status of a platform depends upon whether it is interrupting an ongoing mission
or is assigned from its base. Factors such as fuel load, endurance, and payload
will differ for the two situations. In specifying the ailrship variable payload
for all programs identified in this study, rescue equipment 1s included. The air-
ship is always prepared for a SAR interrupt. The first consideration in assigning
a platform to a SAR operation 1s whether the platform is adequate for the nature
of the incident. Of all the capable platforms, the platform that is least
expensive to operate and can rapidly respond, is assigned to the mission. On
this basils only missions of greater thun ten miles from shore are considered for
airship response. For shorter missions, boats or helicopters should be suffi-
cient for most operations. This 1is not to say that airships are inadequate for

such operations but that they usually will not be the platform of chnice for
these missions.

With the ability to hover, the airship can maintain its position directly
over a vessel in distress, providing direct observation or communications. A
winch provides the ability to lower a man and boat into the water, lift someone
from the water, or directly from the deck. It 1s also possible to lower fuel,
supplies, a dewateving pump, or firefighting equipmernt directly to the vessel.
1t is also assamed that the airship will be able to tow vessels of up to 150
feet or more.

Mission Profiles

For the six SAR missions, there are a total of 49 profiles specified in
Tables IV-XXXTV through IV-XXXIX, It has been assumed that airships will
participate in medfum and long range SAR operations (greater than ten miles
offshore). It has also been assumed that SAR operations will be handled as
separate missions. This ignores the general procedure of interrupting existing
operations to participate in SAR. All of the rrofiles incorporate the transit
task which accounts for transit from the airbase to the scene of the SAR mission.
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TABLE IV-XXXIV
PROFILE LIST

Mission: SAR SEARCH
T A S K S
Search
(1,000 n2?mi)
S~
of
- —
~ [ £
- ~~ ' (=N (]
E o= ] S
=4 E U~ & ~~ [V
- £ >N c c u ) 0
- = 9 o = 3 —~ c
i.] g -, | =] ol S Ll o] g
- - o I =] o o = G
e |l gty % oz T g 5!
Profile E 8 9o 0 o) - g ) 6e = TN
Designator = a & e ; A Y b4 2 3 S 3
7.1.1 50 0 1 1 2,000
7.1.2 50 0 3 ) 500
7.1.3 50 2 2 2 120
7.1.4 50 4 2 2 100
7.1.5 100 0 1 1 500
7.1.6 100 0 S 5 100
) 7.1.7 100 2 3 3 50
7.1.8 100 4 3 3 10
} 7.1.9 100 10 5 5 200
7.1.10 500 0 1 1 200
7.1.11 500 5 5 200
7.1.12 500 S 5 50
7.1.13 500 10 5 5 25
7.1.14 1,000 0 1 1 100
7.1.15 1,000 0 10 10 \ 50
7.1.16 1,000 2 5 5 25
7.1.17 1,000 10 5 5 5
{
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TABLE IV-XXXV
PROFILE LIST

Mission: GgSAR SEARCH AND PROVIDE EQUIPMENT

T A S K S
Search
(1,000 nmi)
. !
o
[=] ‘ ~
~~ -~ Nal
-l ~ [=% —
E E 3"\ [] ~ ~ o
-~ 15 Mok ] =] o w 3]
~ & 4 o = G| ~ =
e 5N E o~ ~ o ] o
far — ) o= 3 o o = =
:lelzg | ¢ Bz T8 N
Profile % o o Iy @ — g o e 2 o
~ [] [E I i =] Q ] [«] Q [« 9}
Designator = ~ 7 > = a N < '] - = <]
7.2.1 50 2 1 1 1 500 100
7.2.2 50 2 5 5 500 50
7.2.3 50 2 I 5 5 1,000 100
7.2.4 100 2 3 3 500 20
7.2.5 100 2 3 3 1,000 20
7.2.6 500 2 3 3 500 10
7.2.7 500 2 3 3 1,000 20
7.2.8 1,000 2 5 5 500 10
\
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TABLE IV-XXXVI

PROFILE LIST

CAR SEARCH, PROVIDE EQUIPMENT, AND BOARD

Mission:

L g - -~ r>3 ‘
a2ul31INI3Q [y v 1 n
(3y) mog :
}
;
3888
(49T) S2F3ISTI0T ;v ¥ v A s
A.H_A_.v pleog - et
. - i
MSY .
175)
B m, ]
n o UoEINTTOod
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£ 3 T
e v O =
v - Juaunaysuy | ., L, —
Nt
Tensyy P

(w) TreaL

Sujdaay uojljeas

(Tuu) joaieq

(Twu) 3ysuea]

50
100
300

1,000

Profile
Designator

7,3.1
7.3.2
7.3.3
7.3.4
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PROFILE LIST

TABLE TV-XXXVII

IVUIIINIDY

100

50

SAR SEARCH, EQUIP, BOARD, AND TOW

Mission:

S

T A S K

(1y) sog

25
25
50
50
250
256

(91) s>13s¥do]

50%

500

500

(1Y) paeog

Search
(1,000 nmi)

hSY

uorINIT0d

JuswunzIjsuy

IV—17

Tensty

(ay) TrEAL
/3urdaay uoyiels

(Tuu) Toaaeqd

(7uu) 2Irsueag

50
50

100
500
500

Profile
Designator

7.4.1

7.4.2

7.4.3

7!454
7.4.5
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TABLE IV-XXXVIII
PROF1LE LIST

Mission:  gAR SEARCH, BOARD, AND ASSIST

T A S K S
Search
(1,000 n?mi)
-~
=t !
—~ 5 | >
I | F 3

EE |93 R % 2

~ L. Q o o 8 - g

' = ~ gv R 5 T ~ - : )

i o i) = -

- - T | & S|k

Profile ! o © o ® o o g ; g 2 2

Designator & £ & e s A e N < 2 S = s
7.5.1 50 2 1 1 l 1 1,500
7.5.2 50 4 1 1 1 500
7.5.3 100 2 3 3 1 200
7.5.4 100 4 5 5 1 100
7.5.5 500 2 5 5 1 100
7.5.6 500 4 3 3 1 10
7.5.7 1,000 2 3 3 1 100
7.5.8 1,000 4 3 3 1 50
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TABLE IV-XXXIX
PROFILE LIST

-

ER)ES Bl ikh]y}

1,000

100

25

SAR SEARCH AND TOW

Mission:

T A S KS

(2u) mog,

25
25

50

50
250
500

i e g

(q1) soFas¥BOT

(1Y) Ppaeog

Search,
(1,000 n4mi)

/3urdaay uorieag
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TEnsTA
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(14) TIEAL

(Tuu) Toaaed

(Twu) 3IFsueag

50
50
100

100
500
1,000

Profile
Designator

7.6.1
7.6.2
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7.6.5
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In analyzing the SAR program, a group of profiles were specified for each
mission. The task cumposition was varied from profile to profile over a variety
of parameters to assure spanning the types of profiles that would be encountered
in actual operations., On the basis of the Search and Rescue Assistance Reports
data base, the occurrences of the profiles were then specified. Each of the
categories of assistance were correlated with the seven tasks used to create the
profiles. The categorization of SAR assistance categories with the specified
missions is given in Table [V-XL. On the basis of this correlation it is felt
that the profiles give a good representation of the nature and frequency of the
SAR mission in which an airship would te expected to participate. It is un-
likely that an airship would be available for all of the specified missions.
However, it could be valuable assistance in all of these occurrences, if avai-1-
able.

It is obvious that, on a given SAR. more than one task may be required.
Since assistance to personnel is analyzed separately from assistance to pro-
perty, the combination cf these task occurrences is hard to identify. In
specifying the number of occurrences for each profile, an attempt has beeun made
to maintain the correct proportions and the approximate total of all SAR occur-
rences greater than :zen miles,

Summary of Airship Participation iu SAR Operations

Airship utilization has been congidered for long range rescue operations
ten miles or greater from the shore. Airships could be particularly useful for
such operations because alrships:

Have High Sweep Rates

Can Dellver Large Payloads

Can be Used for Boarding Vessels
Can Tow Vessels in Distress

Have High Endurance

ICE OPERATIONS PROGRAM

Objective

The objective of the Ice Operations (I0) Program is to facilitate maritime
transportation and other activities in the national interest in ice-laden do-
mestic and polar waters. The services provided in the IO program also assist in
meeting the needs of marine safety and envirommental protection in the ice
enviroment.

Program Description

In 1936, a Presidential Fxecutive Ovder established national policy on use
of vessels for icebreaking operations in channels and harbors. The Coust Guard
was directed to kee» channels and harbors open for che reasonable demands of
commerce iagsofar ac practicable by performing icebreaking operations. In response
to a determinatisn that the national interest would best be served by concen-
trating all icebreaking resources in one agency, the U.S. Navy transferred its
icebreakers tc the Coast Guard in 1965,

'
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CATEGORIZATION OF CATEGORIES OF ASSISTANCE

SEARCH

]

SEARCH

SEARCH

SEARCH

SEARCH

NADC-80149-60

TABLE 1IV-XL

None

Failed to locate
Located

Rescued

Vectored other platform
Communications

Safe Conduct

Aborted

Navigational assistance
Stood-~-by

Escort

Stood-by, escort

AND PROVIDE EQUIPMENT

Refueled
Delivered equipment

. PROVIDE EQUIPMENT, AND BOARD

Dewatered

Fought fire

Dewatered and escort
Refloat and escort
Provide doctor

Provide doctor and escort

, EQUIP, BOARD, AND TOW

Dewater and Tow

Fight fire and tow
Refloat and tow
Equipment, pump, and tow
Relieve and tow

, BOARD, AND ASSIST
Non-medical evacuation
Medevac

Assist personnel

AND TOW

Tow
Stand-by and tow

Iv-71
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Icebreaking services are provided for three major purposes:

- to assist in the safe and timely movement of maritime traffic;

- to prevent and control flooding resulting from ice accumulation in do-
mestic waterways;

~ to support scientific research and other national interests in the polar
regions.

Because of the differences between the geographic areas in which these
activities are conducted, the IO program can be best understood by considering
polar and domestic operations separately.

Polar Cperations - In the polar regions, icebreakers escort resupply ships
into ice-laden areas, carry fuel and cargo to isolated U.S. installations,
survey uncharted waters, collect meteorogical and oceanogranhic data, and serve
as platforms to carry research scientists into remote areas.

Domestic Operatiomns - One of the most Important responsibilities of the
Coast Guard is to keep open to shipping domestic traffic routes and ports that
are normally utilized year-round. The Ice Operations Program also attempts to
extend navigation seasons in ice-laden areas when such extensions are considered
in the natiocnal interest. For example, the Coast Guard has been one of the
major participants in the multiagency Great Lakes season extension project. The
Coast Guard also cooperates with other agencies to preveat and control flooding
caused by ice jams. Performance of these duties requires icebreaking services
as well as the collection ard dissemination of information {(mapping).

Adrcraft perform surveillance patrols to evaluate ice conditions and rec-
ommend ship routes through areas having ice formulation.

Potential Alrship Missions

As a result of the initial review of Coasi Guard operations, one I0 mission
is envisioned for the airship:

- Aerjal Ice Reconnaissance (AIR)

As defined by the program standards, reference [64], the IO AIR operational
ruquirements are as follows:

Bla - Arctic Alaskan Shipping 2. Three flights/week from Bering St.
Season (Type III facili- to Pt. Barrow. Three flights/week
tation) along Alaskan North Slope.

V=72
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BIb Sub-Arctic Alaskan Shipping Average one flight/week over Bristol
Season (Type III facili- Bay/southern Bering sea area. Weekly
_ ! tation) flight over Cook Inlet/Prince Willianm
‘ Sound area.
BIIa - Great Lakes Shipping Season Daily flights over critical areas.
(Type III facilitiation) Twice weekly flights over ice areas,
i BIIb St. Lawrence Seaway Shipping Average three flights/week over
season (Type III facili- Seaway.
tation)
BIIc Northeastern U.S. Shipping Flights over Penobscot and Kennebec
. Season (Type II/I facili- Rivers as needed. Two flights/week
] tation) ’ in vicinity of Long lsland.
BIId - Upper Missippi R. Shipping Two flights/week from St. Louis to
Season (Type II facili- Quad. cities, Il1l. January-mid-
tation) February, from St. Louils to Burlington,
Iowa mid-February to April.
BIle I1linois R. Shipping Season Two flights/week from Chicago to

(Type I1 facilitation)

Grafton, Ill. throughout ice season.

Currently under development is the Radar Image Prccessor (RIP) to be used
in conjunction with the Side Looking Airborne Radar (SLAR) for the purpose of
mapping ice. Although it is still in the development stage, the equipment
associated with RIP is expented to be too large and heavy for an MRS, and there~

. fore, an HC-130 would be required for ice mapping using this equipment. An
airship would be more than capable of handling an instrument package of this
expected size and weight. A problem may exist, however, in using SLAR on-board

( an airship. Because of 1its slow speed, relative to an HC-130, the effect of
drift on the airship may increase the processing requirements to obtain the same
resolution using the sawe antenna. Countetring this effect 1is the fact that, due

. to the size of the airshin, the size of the SLAR antenna can be significantly
increased. As anteunna size increases, the resolution increases. Therefore, the
two factors, slow speed and large antenna, may more than counter each other,
giving the airship a greater sweep width and possibly a greacer sweep rate d
(sweep width times speed) than an HC-130. A development effort to modify the
SLAR and its processor would be required to obtain optimal performance from an
airghip for this wission.

The nature of IO missions allows ! r ,replanning of the operations, as
opposed to ELT, MEP, or SAR operations, .here external factors determine the
platform requirements. The exact configuration of the operations using airships
for I0 missions may be modified to take best advantage of the long endurance of
an airship as well as basing and operating constraints.

Again, the ability of the airship to operate at low altitudes, as well as .
altitudes of up to 5,000 feet, may be useful iun IO operations. This allows for
close in visual observation of ice formation and also permits operation in
conditions of low ceiling or visibility.

] v-73
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Mission Profiles

Eight profiles have been specified in Table IV-XLI for the Aerial Ice
Reconnaissance (AIR) mission. Based upon the program standard the following
correspondence between the profiles and the missions has been specified.

Profile Number Mission

8.1.1 Penobscot and Kennebec Rivers
Hudson River
Long Island

8.1.2 St. Louls to Quad cities, Ill.
St. Louis to Burlington, Towa
Chicago co Graftom, I11l.

8.1.3 Great Takes

8.1.4 Cook Inlet/Prince William Sound
8.1.5 Bristol Bay/Bering Sea

8.1.6 St. Lawrence Seaway

8.1.7 Alaskan North Slupe

§.1.8 Bering 3t. to Pt. Barrow, Alaska

The determination of the task specifications is based upon the size and
length of the specific operational area. Consideration was taken of potential
alrship basing in determining the transit task requirement.

These mission profiles are based upon current operating procedures which
are specified considering the capabilities of the available resources (HH-3s,
HH-5Zs, HC-130s, and HJ-16s). These missions rcould be reconfigured to optimize
the utilization of the airship.

Summary of Airship Participation in IO Omeratious

The airship has great potential for Aerial Ice Reconnaisgsauce (AIR) opera-~
tions of the I0 program since this platform:

- would nave sufficient range to survey most areas
- will utilize Side Looking Airborne Rader (SLAR)
- should be capable of carrying the Radar Image Processor (RIP)

Mission Definition and Analysis Conclusion

The purpose of this mission analysis was to provide a structure from which
to evaluate potential airship participation in Coast Guard programs. The

W-74
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TABLE IV-XLI
PRO¥ILE LIST

Mission: 10 DOMESTIC ICE PATROL

T A S K S
R
Search'
(1,000 p?mi)
~.
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8.1.1 0 10 25
" 8.1.2 0 15 30
8.1.3 0 60 | 100
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8.1.4 100 30 25
8.1.% v 400 30 25
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analysis is based upon current operating procedure as performed by existing
assets. Only those missions in which the capabilities of airships could be
utilized in a wmanner consistent with current operations were considered. No

ccnsideration was given to missions that required handoff of operations from

one airship tou another or to another platform type. Nor was consideration
made of operations requiring refueling or remanning of the airship, both of
which are feasible and consistent with historical airship overations. If

a mission was expected to exceed the capabilities of a single airship it was

not evaluated as part of this analysis.

IV-76
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In crder to examine the concept of maritime patrol airships, it was es-
sential to arrive at vehicle point designs. The sizing and conceptual design
process to determine technical feasibility was required in order to develop
realistic costs in the performance of maritime operations.

Based upon the mission analysis of the preceeding chapter, more detailed
specifications of eight profiles (one for each program) were generated to be
used as guldance in the point design analysis. These profiles were chosen to be
representative of the type of miesion associated with each of the programs, to
be sufficiently difficult that an design airship that 1s capable of the mission
profile is also capable of performing most of the other missions in the program,
and thai the profile was not too demanding such that the point design airship's
capabilities would be in excess of those needed for most of the other missions.

For each of these selected profiles a script scenario was generated. These
scenarios specified each of the operations in sequence, the parameters associ~
ated with the operations (speed, weight, payload, etc.) and duration of the
operation. Each task from takeoff to landing was so specified. In addition, an

itemized list of payload and crew size was specified. These eight script scenarios

and payload requirements are given as Appendix D. In the upper left of each
script scenario 1s a descriptlon of the type of mission. The total mission
duration is given on the upper right.

The actual sizing of LTA vehicles, not unlike other air vehicles, is a
complicated process. Feferences [065] and [66] are classic airship design texts
which testify to this ‘act. While technology has changed, certain fundamental
vehicle considerations remain the same today. With modern numerical techniques
LTA design can be more comprehensive and can be accomplished much faster.

For MPAS the requirements of the eight representative profiles were ana-
lyzed by the Naval Airship Program for Sizing and Performance (NAPSAP). This
computer program is capable of sizing vehicles to mission requirements and then
evaluating these vehicles as the mission is performed. The influence of nearly
40 key design parameters is closely monitored. This programs', developed at the
Naval Air Development Center, 1s described briefly in Appendix C.

Table X-I summarizes the representative profile requirements. The most
demanding performance parameters for the airship are underlined in each profile.
Note that altitude significantly affects airship performance. For a buoyant
vehicle this is a function of air density - at lower altitudes where the air is
more dense, more weight can be buoyed up®» 7» 13, The large surface areas
characteristic of airships result in large amounts of skin friction drag. This
causes airships to be very sensitive to design speed. While LTA vehicles can be

propel.ied fasteré an increasing penalty must be pald to compensate for the
increasing drag1 .
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The resulting output of the NAPSAP analysis is presented in Table V-II,
Note that since the missions were quite different a wide range of airship design
sizes resulted. Simplifying assumptions for this analysis were to fix the
vehicle fineness ratio (length over diameter) and buoyancy ratio (static 1lift
over total 1lif{t) based vn reference [27].

The eight vehicles sized range from 282,300 ft.3 for PSS to 992,165 ft.3
for MSA. This size class places the maritime airship well within the bounds of
previous Navy airships®» 7. From this spectrum of vehicles the smallest airship
capable of performing all profiles was selected as the candidate for further
investigation involving sensitivity studies and costing. The vehicle selected
was sized for the MEP mission. Note that actually the MSA mission resulted in
the largest vehicle, but it was determined that the MEP vehicle could perform
the MSA migsion at a lower altitude.(l1,000 feet) in a satisfactory manner.

The MEP vehicle or ZP-X is comﬁhfed to vehicles sized to the same profiles
by two different contractors in Chapter VII.

Appendix E discusses the sensitivity of thls vehicle to changes in four
major design parameters: design dash speed, design altitude, structural weight,
and total drag coefficient.
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CHAPTER VI
ESTIMATED LIFE CYCLE COSTS
AND LOGISTICS

INTRCDUCTION

The estimation of the costs of buillding a modern airship is tentative at
best. Cost data available for constricting and operating airships is based upon
30-year-old techuology. The cost estimates contained in this section are based
upon projections of historical data and by comparicon of cost of construction
and operation of modern heavier-than-air craft.

The only available data for curent operatiuns of alrships are zssociated
with the operations of the Goodyear advertising airships. These data are
probably uot applicable because of the nature of the cperations and the tech-
nology of the airship involved. The Goodyear airships (GZ-20) are a World War
IT design and do not reflect the signiflicant advances made in materials and
aeronautical technology in the last 30 years. The British AD-500, an airship
which inccrporated some of the technological advances such as vectored propul-

sion and molded composite structures, was successfully flown in February of
1979,

All of the data used in this section are based upon the extrapolation of
cost data generated iu other recent studies. All references are cited. Two
costing approaches are used: Life Cycle Cost (LCC) and Stendard Rate Costs.

LCC are emphasized but standard rates are also calculated, based upon Coast
Guard procedures.

Life cycle costs are herein defined as the sum of research, development,
test, and evaluation (RDT&E), investment and operating costs. For the purpose
of the cost benefit analysis these costs are prorated on the basis of the total
number of operating hours in the lifetime of the airship. Standard rates are
the sum of the actual operating and maintenance costs, actual personnel cost,
overhead and administrative costs, and depreciation costs®®, calculated for each
hour of use of the vehicle.

LOGISTICS

Baging and Majintenance Facilities

Based upon a preliminary estimate of the total Coast Guard mission require-
ments, a potential annual utilization of airships is between 100,000 to 125,000
hours per year. If we assume that each airship flies 2,400 hours per year, a
requirement of from 42 to 52 airships 1s established. 1If geograpnic distri-
bution of alrships similar to the MRS basing 1s assumed, there would be nine
alvship bases. If each base has five airships, a total of 45 airships for
operations would be required, An additional five airships would be purchased

for training, research and development, and ready spares, making a total buy of
50 airships.
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The locations of thz nine MRS bases is given in Table VI-I, This study,
being a first order study, has not evaluated the real estate requirements of the
airship operations and the analysis of the availalility of the real estate at
the MRS bases. In that the Maritime Patrol airship is expected to be VTOL
capable, the area required for their operation should be minimal, primarily
consisting of a mooring circle for each airship plus facilities for Aerospace
Ground Equipment (AGE) and Ground Support Equipment (GSE).

Hangar facilities will not be provided at each base. Hangars will exist at
depot mailntenance facilities. The procedure of mooring thz airships without
hangar facilitles at each base 1s consistent with many World War II operations
and the operations of the Goodyear advertising airships. The major concern of
not haviug hangars 1is associated with weather phenomena. At the more northern
bases, equipment for the removal of snow and ice from the airship envelope will
be required. In the event:of very severe storms or hurricanes, the airships
should be flown from the srea as are heavier-than-air craft. The airships can
weather less severe storms by being flown at their mooring masts.

Routine maintenance would be provided at the mast. For major maintenance
operations and overhaul, two depot maintenance facilities would be required, one
on the Each Coast and one on the West Coast. The govermment still owns airship
facilities at Moffett Field, California; Tustin, California; and Lakehurst, New
Jersey. These facilities would require modernization and negotiation with the
present users (U.S. Navy) to obtain access.

Availability and Utilizacion

Based upon current Coast Guard requirement that restricts aircrews to 800
hours flying time a year, it will be assumed that three crews are required per
airship, and that an airship will be utilized for 2,400 flight hours per year.
This is equivalent to 27 percent missicn utilization.

Typical utilization for long range commerical aircraft are 42.5 percent,
37.9 percent, and 31.5 percent for the B-~747, DC-10, and L-1011 respectively,
These averages are based upon the cumulative =xperience of 12 U.S. airlines“2.

In addition to actual mission time, service time 1s required before and
after each f£light, as well as overhaul time and general maintenance. Table VT-
IT provides a breakdown of the annual utilization of the Maritime Patrol air-
ship“l (modified for the projected utilization of 2,400 mission hours annuzlly).
The airship is expected tn be available for missions or on missions 89 percent
of the time and will be unavailable due to scheduled or unscheduled maintenance
11 percent of the time,

The airship will be assumed to have a 1l2-year lifetime. The envelopes of
the Goodyear advertising airships are replaced every eight years. The use of
modern materials is expected to extend the expected life of the envelope. The
car would be refurbished at the time of the envelope replacement. There is no
residual value associated with the car at the end of the 12-year lifetime. With
the assumption of 2,400 flight hours annually, the airship will have a total of
28,800 flight hours over its l2-year lifetime.

P .
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TABLE VI-I
MRS BASES

1]
Astoria, Oregon
Sacramento, California

. Corpus Christi, Texas
Mobile, Alabama
Miami, Tlorids
Elizabeth City, North Carolina

1
Cape Cod, Massachusetts
Traverse City, Michigan
Borinquen, Puerto Rico

1
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) TABLE VI-II
| ANNUAL UTILIZATION

27.4 Percent - Mission
4,1 Percent - Services
7.0 Percent - Maintenance
' 61.5 Percent - Ready
|
VI-4
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Crew Requirements

Based upon the analysis of Coast Guard mission requirements, the expected 1
endurance of a mission will vary from a few hours to over 30 hours. Table VI-
III gives the size of the crew as a function of mission duration. The composi-
tion of the crew is given in Table VI-IV as a function of crew size.

To accommodate the various crew sizes, the Maritime Patrol airship is
assumed to have a car of modular design. This is consistent with the Goodyear
advertising airsiip where the passenger seats can be replaced with equipment for
the advertising "night sign," or by television equipment and crew for coverage
of sporting events. This is also true of modern commercial aircraft, e.g., B-
747. Because of its historical habitability and ease of control, the opecation
of an airship 1is not very fatiguing and, therefore, can be handled by a rela-
tively small crew. :

Life Cycle Costs

The category breakdown of the Life Cycle Costs (LCC) for airships is given
in Table VI-V. Three categorius are given: contract investment cost (those
costs associated with the initial procurement); non-coutract investment costs
(the cost of those items that must be obtained but are not iluc'uded in initial
procurement); and operating and support costs.

The contract investment costs have three major components: RDT&E, in-
vestment, and helium. These can, and have been, combined into one cost which
will be associated with the unit acquisition cost. While the RDT&E cost could
be calculated, it is easiest to specify it as a percentage of the first unit
production cost. It is assumed, in this study, that RDTSE is equal to the first
unit production costs. Helium costs are also included in the estima:e of the
unit production cost.

The non-contract investment costs are associated with capital and start-up
costs not included in the procuremeat of the airship. This includes spare
parts, initial training, operating bases, and equipment. The cost of spare
parts is included in the estimate of the unit acquisition costs. The major
training cost is associated with the procurement of training devices and training
airships, This cost will be accounted for as a percentage of the airship acqui-
sition cost. Facilities costs are determined separately.

Operating and support costs are associated with the dally operation of the
airship. These include operating personnel costs, malntenance costs, fuel
costs, and helium costs. The estimates of these costs are baszd upon operating
experience of the Coast Guard and the Navy for small aircraft.

Unit Acquisition Costs

The evaluation of acquisitfon costs are based upon estimates made in recent
studies. Due to the gap in the development of LTA technology, it 1s uot pos-
sible to obtain a comprel.ensive analysis of these costs. The RDT&E and produc-
tion costs specified in this section are based upon Cost Estimating Relationships

VI-5
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TABLE VI-III

CREW SIZE
MISSION.DURATION CREW SIZE
C - 10 hours 5
10 - 20 hours 8
More than 20 hours 13
vi-6
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_ TABLE VI-TV
CREW COMPOSITION

CREW SIZE
! i POSITION RANK 5 8 13
.
Pilot CDR 1
Pilot LCDR 1 ] 1
. Co-Pilot LT 1 1 1
Co-Pilot LTJG 1 1
COM/NAV CPO 1 1 2
: Radar/Sensor Operator POl 1 3 4
| Visual Observer/Rigger | P03 1 1 3
1
» VI-7
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TABLE Vi~V
LIFE CYCLE COST COMPONENTS

CONTRACT COSTS
RDT&E

Airframe

Power Plant
Avionics
Spares

GSE Facilities
Helium

‘Investment

Airframe
Power Plant
Avionics

Helium

NON-CONTRACT INVESTMENT COSTS

Spares
Airframe
Power Plant
Avionics
GSE

GSE

Training

Facilities

OPERATING AND SUPPORT COSTS
Personnel
Training
Facility and Organization Equipment
Maintenance

Unit Level
Depot Level

POL

Helium

VI-8
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(CER's) developed from historical data and regression analysis of the historical
trends of heavier-than-—air aircraft costc. Based upon essentially the same
data, using four different interpretations of the data, four estimates of the
production cost of a modern non-rigid airship have been obtained. Each approach
is consistent with the appropriate cited reference.

An estimation of the RDT&E costs is more difficult. The applicability of
technologlcal advances in heavier—-than—alr craft development of LTA vehicles
y would have to be evaluated. The possible incorporation of light-weight, high
performance engines and composite materials, modern fabrics, etc., impact on the
design of a modern LTA vehicle. The approximate cost of RDT&E associated with
tinis technology remains to be determined. As estimated in each of the four
costing approaches, it is assumed that the RDT&E costs are equivalent to the pro-
duction cost of the first vehicle.
Associated with every production process is a learning curve. The unit
- cost decreases with increased production due to increased efficiency, improved
procedures, and proration of set-up costs. A learning curve of 80 to 85 per-
cent’» 15 has been assumed for each of the four costing procedures.

The general procedure for cbtaining the unit cost for a buy of N is

Unit Cost = (RDT&E)/N + (First Uait Cost) x N~ (learning factor)

where:
RDT&E is the research, development, test, and evaluation cost,
assumed to be equal to the first unit cost
N is the number of units purchased

First Unit Cost is the production of the first unit

Learning Factor is an exponential factor that reflects the learning
experience.

The basis, therefore, of all of the costing is an estimate of the first unit
cost.

The four costing procedures used can be itemized as:

- Costing based upon speed and volume of the airship, using regression
analysis of historical airships. 4n 80 percent learning curve is used“3,

-~ Costing based upon airship point design analeis as calculated on a
weight basis. An 80 perceut learning curve is used*®.

~ Costing based upon systems weights. Learning curve a function of sys-

- Cost estimates of Goodyear Aerospace Corporation for a Maritime Patxeil
airship. An 85 percent learning curve 1s assumed™S.

VI-9
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Unit Cost as a Function of Speed and Volume

Reference [43] provides the formula

.000239g25+1 .33

c =
where
¢ = first unit cost, FY-77 dollars x 106
s = maximum speed in kts
V = volwie in cubic Feet x 10°

For the point design airship with a 90 kt capability and a 783,696 cubic feet
volume, the first unit cost is $27.8 million.

This estimate of the first unit cost is considered excessive and, as will
be seen, not consistent with the other three approaches. There are two major
flaws with this approach. The first problem is that the regression analysis was
performed using data for both rigid and non-rigid airships. The highest speed
airships are generally rigid airships which have higher first unit costs in
relation to their displacement volume.

The second problem is that most of these airships are of the 1920's or
1930's design and do not reflect the great technological advancements, especi-
ally in engine performance. In that time period, in order to increase the speed
of the airship, a great penalty was paid in propulsion weight. To 1lift this
weight a significant increase in displacement volume was necessary. With the
light weight high performance engines available today this penalty does not have
to be paid.

For an airship that has a first unit cost of $27.8 million, assuming a
similar RDT&E cost and an 80 percent learning curve, the unit cost for a buy of
50 is $8.45 million. This is considered hijigh and probably, at least, represents
an upper estimate of the cost.

Unit Cost as Compared to the ZPG-X

A popular approach to analysis of the first unit production cost is based
upon the empty weight of the airship. The ZPG-X was a candidate_patrol platform
in the Advanced Naval Vehicle Concepts Evaluation Study (ANVCE)27, 1t is a non-
rigid airship of 1.5 MCF with an empty weight of 62,300 lbs. 1In reference (41,
the acquisition cost of the ZPG-X was estimated on the basis of its empty
weight as compared to the empty weight cof historical airships. Sophisticated
adjustments wcre made to account for lighter materials, increased productivity,
and the escalation in cost of military aircraft.

Tn reference [44], a cost of $1,335/kg. ($877/1b.) was specified for the
first unit of the ZPG-X. Using the empty weight of 27,674 1lbs. (12,553 kg.)

VI-10
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assumed for the point design airship, we obtain a first unit cost of $16,750,000.

Assuming RDTSE equals the first unit cost and using a learning curve of 80
percent, the average unit cost for a buy of 50 1s $5.1 million.

This is probably a good estimate of the airship cost. It may still be high
in that the inflation factor, used to convert the historical data associated
with the cost of building airships, is based upon military aircraft trends.

This inflation factor reflects increased sophistication in the products as well
as escalating production costs. Although the Maritime Patrol airship may be
extending the state-of~-the-art in airship design, it is expected to use off-the-
shelf aircraft and materials technology. Its actual inflation factor is prob-
ably more like that of commercial aircraft, which is must less severe.

Cost Based Upon System Weights with Variable Learning Curves

The third approach used in evaluating the unit cost of a buy of 50 airships
is similar to the previous approach except it breaks the airship down by sub-
system and varies the learning curve by subsystem. The same basic historical
data with corrections for productivity, technology, and inflatior are used in
this apprrach as were used in the previous approach.

In reference [67], the first unit costs and unit cost for a buy of 3, 10,
20, 30, and 50 are specified on the basis of airframe, propulsion, and systems
costs. The costs for the first unit and for 50 units for the three component
systems are summarized in Table VI-IV. For the point design airship the compo-
nent weights are:

Structure - 18,447 1bs.
Propulsion - 4,985 lbs.
Systems - 4,242 1bs.

This gives the first unit cost of $11,350,000. Assuming RDT&E is equal to the
first unit cost and using the costs for a buy of 50 from Table VI-IV, the unit
cost for a buy of 50 is $3.9 million.

This is probably a low estimate of the airship cost. The data used to
generate these cost numbers and learning curves is based upon rigid airship
construction costs. The learning curve for rigid airships, especially structure
costs, 1s probably steeper than for non-rigid airships.

Cost Based Upon Goodyear Estimates

The final approach to obtaining the acquisition cost of a maritime patrol
airship is based upon a first cut estimate of the cost of such an airship by
Goodyear Aerospace Corporation“s. Thelr estimate is for a buy of 20 assuming an
85 percent learning curve. By extending this buy to 50 a unit purchase price of
$5.04 rillion is obtained (assuming the same 85 percent learning curve).

Assumed Unit Acquisiton Cost

The different approaches to the acquisition costing have produced four
different estimates which are summarized in Table VI-VII. The range of costs is

VI-11
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TABLE VI-VI
COMFONENT SYSTEMS COSTS

lst UNIT COST UNIT COST FOR 50

SYSTEM ($/1b) ($/1b)

Structure . 412 112

Propulsion 336 143

Systems 490 209
VIi-12
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TABLY VI-VII
ACQUISITION COST SUMMARY

FIRST UNIT RDT&E UNIT COST
COST FOR A BUY OF 50
APPROACH $ MILLION $ MILLION $ MILLION
Speed/Volume
Regression 27.8 27.8 8.45
Empty Weight 16.73 16.75 5.1
Component
Weight 11.35 11.35 3.9
Goodyear
Estimate _——— -— 5.04
VI-13
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from $3.9 to $8.45 million. The first three eustimates are in 1977 dollars and
the last is 1979 dollars. It will be assumed 1n the remainder of this iife
cycle cost analysis that the unit cost of 50 aiiships is §5.0 million.

4

Four different costing procedures have been used, but they basically re-
flect different interpretations of the same data. These estimates are made on
the basis of cost analysis of data associated with 30 to 40 year old technology.
An attempt has been made to compensate for technology improvement, increased
productivity, and inflation.

The inflation factor applied to these historical -osts is based upon mili-
tary aircraft experience. While some of the factors reflect general increased
in the cost of iiving and the cost of improvement in technology, much of this
factor reflects increases ‘in performance and sophiutication of military air-
craft. The historical inflation factor for commercial aircraft is not as great
as that for military aircraft,

Another assumption that impacts on the acquisition cost estimate is that
the RDT&E cost 1s equivalent to the first unit production cost. Thic¢ 1s low by
historical standards. However, the basic design of the Maritime Patrol airship
is not radically different from traditional non-rigid airships. The major
requirement is the transfer nf current aerospace technology to the design and
production of a modern airship.

The estimate for the Maritime Patrol airship 1s a first estimate, and an
effort was made to utilize previous cost analyses and to be as consistent with
the approaches (as detailed in the references) as possible. A 10 percent or
even 20 percent error in the acquisition cost should not significantly Impact on
the cost analysis of the mission profiles presented later in this report.

Facilities Cost

In addition to the airship acquisition cost, the cost of building bases and
modifying existing facilities is included in the investment cost.

Table VI-VIII provides an estimate of the cost of buillding facilities for
airships at existing Coast Guard bases. The basing cost ($3,442,000) prorated
over five airships per base, adds an investment cost of $688,400 per airship.
Assuming that the airships will be based at existing Coast Guard facilities, the
cost of real estate has not been included. Hangar costs also have not been
included. It is assumed that at the bases, airships will be mocred at the wast.
Hangars will only be considered at maintenance depots as previously indicated.

In addition to basing, maintenance facilities would be required. Two
maintenance depots (one on the East coast and one on the West coast) could be
set up at existing airship facilities. However, all of these have been adapted
for other purposes and would require improvement. Table VI-VIX gives an esti-
mate of the cost of modernizing Moffett Field and Lakehurst!3,

VI-14
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TABLE VI-VIIT
GSE/AGE PER BASE
FIVE AIRSHIPS/BASE

EQUIPMENT UNIT COST TOTAL COST
Helium Trailer 1 @ $107,000 $ 107,000
Fuel Truck 2 @$% 51,000 $ 102,000

. Ballast (Water Storage) 2 @ % 45,000 $ 90,000
Stick Mast 5 @ $190,000 $ 950,000

' Mooring Circle 5 @ $343,000 $1,715,000
Personnel Carrier 1@3$ 29,000 $ 29,000
Heliun Stcrage $402,000 § 402,000
P.0O.L. $ 40,000 $ 40,000
$3,442,000

VI-15
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COST OF MODERNIZATION OF DEPOT FACILITIES

LOCATION

Hangar

Mooring Circle

Ferm. Mast

Helium Facility
Addn. Helium Storage
P.0.L.

TOTAL

NADC-80149-60

TABLE VI-VIX

(1977 Dollars)

MOFFETT FIELD

$ 432,000
2,725,000
670,000
402,000
402,000

40,000

$4,721,000

VI-16

LAIEHURST {

$3,000,000 |
2,725,000
670,000
268,000
402,000

40,000

$7,105,000
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The total cost ($11,960,000) of improving these two facilities must be
prorated over the total buy of 50 airships. Therefore, the Llnvestment cost per
airship associated with the modernizing the maintenance facilities is $239,200.

Initial Training Costs

The training category included under non-contract investment costs is
primarily associated with the construction of facilities and equipment for
training personnel in the operations and maintenance of airships as well as the
cost of instruction. An example flight training curriculum is given in Table
VI-X. 1In establishing the number of airships required for Coast Guard opera-
tions, five airships were provided for research and development and training.
In addition to trainer airships, equipment costs for training may include flight
simulators and other training devices. Assuming that the five extra airships
are not exclusively used for training, and the additional training devices must
be purchased, a cost increment of 10 percent of the unit acquisition will be
assumed for investment training costs.

Total Investment Cost

All of the components of the investment costs have been specified. The
unit acquisition cost including RDT&E, helium, and spares is $5 million. Facili-
ties cost for both bases and maintenance facilities including GSE is about
$900,000 prorated for each airship. The initial training cost is $590,000.
Therefore, the total investment cost is approxdimately $6.4 million per unit.

Operating Costs

In this analysls we will concern ourselves with the personnel, maintenance,
and consumable costs. Tacility and organization equipment maintenance costs
have not been included in this analysils becaused they are comparable to the
costs of other air platferm costs. All other cost estimates are based on Coast
Guard or Navy experience in operating aircraft.

Personnel Costs

The single largest cost of operating an airship 1is the cost of personnel.
The crew size is a function of the expected duration of a mission and has been
specified {n Table VI-IV. The annual cost for each member of the crew based on
rank is given in Table VI-XI. These adjusted costs for the pay and allcwance
budget are based on reference [70].

Based upon current Coast Guard restrictions of 800 hours on flight hours,
for 2,400 hours of uperation, three flight crews would be required per airship.
Because of the relative habitability and ease of operation of airships this
800 hour restriction could be modified or eliminated. Table VI-XII gives the
hourly crew cost for the three crew sizes assuming an 800 hours/year restric-
tion, a 1,000 hours/year restriction, and the actual hourly rate assuming 2,920
working hours & year. The latter costs are equivalent to the method used in
determining the Standard Rate of Operation for a Coast Guard vehicle. Addi-
tional discussion of the Standard Rate is included in a later section.

VI-17
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TABLE VI-X
EXAMPLE FLIGHT TRAINING CURRICULUM

LTA Familiarization
Primary Airship Ground School Course
Advanced Airship Ground School Course

Airship Flight Training

VI-18
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TABLE VI-XI
CREW COST ($80)

POSITION RANK COST

Commander CDR $62,000
Pilot LCDR 57,400
Co-Pilot LT 49,400
Com/Nav. POl 29,700
Radar Op. POl 29,700
Sensor Op. POl 29,700
Vis. Observer/Rigger P03 22,100

VI-19
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TABLE VI-XII ‘
PRORATED CREW COST

] HOURLY COST ($)
ENDURANCE TOTAL 800 1,000 2,920 HR/YR
(HR) CREW SIZE COST (3) HR/YR HR/YR (STANDARD RATE)
<10 5 188, 300 235,38 188.30 64.49 3
10< <20 8 288,700 360.88 288.70 98.87
>20 13 454,300 567.88 454,30 155.58
VI-20 3
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From Table VI-XII it is seen that there is a large variation in the crew
cost as a function of assumed flight hours. The costs based on the Standard
Rate and the costs assuming an 800 hour restriction differ by a factor greater
than three. It should also be noted that a high peunaliy is paid, because of the
flight restriction, on long endurance missions. Although the members of the
crew are actually on duty less thau half of the time for missions of greatear
than 20 hours, the total mission time is accredited against the flying time
allowance. For long endurance missions crew operation requirements are more
like ship operations than aircraft operations.

Replacement Training

Under operating costs is the cost of training any replacement of the flight
crew or maintenance crew. ‘'We have assumed that there is a complete changeover
of personnel on an average of every eight years. Based upon an initial training
cost of $500,000 aad this estimate of turnover, the average replacement training
cost per airship is $62,500 or $26.04 per flight hour.

Maintenance Costs

For this analysis, maintenance is divided intc two categories: direct
maintenance and overhaul. Direct maintenance will be handled at the airship
bases. Overhaul will be handled at an overhaul facility, i.e., Lakehurst or
Moffett Field.

The maintenance of an airship is an area in which Improvement in technology
will have significant impact. With the increase in reliability of the systems
and the advent of sophisticated electronic test equipment, there can be little
comparison between the historical airship maintenance requirements and the
maintenance of a modern airship. Estimates of maintenance requirements, there-
fore, will be based on projections derived from current aircraft experience.

Direct Mailntenance

The direct maintenance cost estimate is based upon the analysis of three
platforms:

- The projection for a new Coast Guard Short Range Rescue (SRR) helicopcer71

~ Analysis of the ZPG-X for the Advanced Naval Vehicles Concepts Evaluation
Study (ANVCE)“?

- Experience for the P-3C naval patrol aircraftl®
The new SRR (a small helicopter designed to replace the HH-52A) is projected to
require four maintenance manhours per flight hour (MH/FH). A helicopter pro-

vides a more rugged operating enviromment with greater stress on its components.

Table VI-XTII is a summary of the projzcted malntenance requiremunts for
the ZPG-X which at 1.5 million rt3 dlsplacement is twice the displacement of the

VI-21
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TABLE VI-XIII
) DIRECT MAINTENANCE SUPPORT REQUIREMENT,
MAN-HOURS /AIRCRAFT-MONTH

1,000 HOUR UTILIZATION
(REFERENCE [42])

1990 IOC - PEACETIME

SHOP sm ! UM 2 ss 3 yst (0) (1) TOTAL
POWER PLANT 4.3 48.0 9.8 31.2 93.4 29.2 122.3
STRUCTURES 1.8 19.9 4.1 13.0 38.7 12.1 50.9
HYD/PNE 0.1 1.0 0.2 0.6 1.9 0.6 2.6
ELECT/INST 1.4 16.8 3.2 10.3 30.7 9.6 40.2
COM/NAV 2.3 25,2 6.1 16.4 49.0 16.3 64.3
AVIATOR EQ. 1.2 13.1 2.7 8.5 25.6 8.0 33.6
TOTAL 11.1 123.0 25.1 80.0 239.1 74.8 313.9

!scheduled Maintenance
ZUnscheduled Maintenance
3scheduled Support
“Unscheduled Support

Vi-22
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point design maritime patrol airship“z. In Table VI-XIII, (0) and (I) stand for
differing levels of maintenance. Level (0) maintenance is performed on-board
the airship. Level (I) maintenance refers to repairs requiring removal of
components from the airship at the airship base. Based upon this analysis it is
estimated that 3,77 maintenance man-hours are required for each flight hour (83
flight hours per month).

The P-3C is a naval patrol aircraft used for long duration anti--submarine
warfare (ASW) operations. The maintenance man-hour requirement for the r-3C is
included in Table VI-XIV, Excluding avionics, the P-3C requires 3.94 main-
tenance man-hours per flight hour. The maintenance requirements for the P-3C
avionics is very high, Most of this is associated with the sophisticated ASW
equipment. '

Based upon a compariscen of these figures, it is estimated that the main-
tenance requirement for the maritime patrol airship is 4.0 MMH/FH.

Included in the maintenance requirement is the need for ground handling of
the airship during takecoff and landing. In that the Maritime Patrol airship is
assumad to have a hover capability, the ground handling requirements should be
significantly less than the historical requirements. It should be possible to
handle the airship with three or four men, however, it i1s assumed there is a
ground crew of eight. It is also assumed that the airship will make approxi-
mately 100 takeoffs and laudings per year and that it takes one-half hour for
each landing or takeoff. Therefore, 800 man-hours are spent for ground crew
operations per airship per year. Based upon 2,400 flight hours per airship per
year, this comes to .33 ground crew man-hours per flight hour.

The ground crew is part of the maintenance crew. The exact positions and
rank for the maintenance has not been identifjied. To be conservative in costing
the maintenance personnel, twice the average enlisted salary was used, $23,200/
year. Assuming an average manpower utilization of 2,000 hours, the cost of
direct maintenance per flight hour is $46,40,

Some of the routine maintenance could be handled by the flight crew, both
during flight operation and on the ground. 1In that there currently is an annual
limit of 800 flight hours per crew member, & majority of the time the crew is
available for other duties. It will he assumed that 50 percent of the main-
tenance can be handled by the flight crew. Therefore, the additional life cycle
cost for direct maintenance will be assumed to be $23.20 per flight hour.

Overhaul

Overhaul will be performed at designated facilities such as Lakehurst,
Moffett Field or equivalent faciiities. These facilities will have hangars in
which the overhaul operations will bhe performed. The cost of upgrading these

facilities has been accounted for in the investment cost.

The estimnate of overhaul costs 1s based upon analysis of helicopter repair
and projecticns of the SRR costs. Based upon analysis of the Coast Guard
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TABLE VI-XIV
DIRECT MAINTENANCE REQUIREMENTS

BASIS
SRR
APJ Estimate™!
p-3
Airframe
Power Plant

Avionics

Maritime Patrol
Airship

s

ESTIMATE X
4 MMH/ FH
3.69 MMH/TY
. |
3.20 MMH/FH
.74 MMH/FH (
7.13 MMH/FH |
4  MMH/FH -
X
[
o
i
3
®
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Maintenance Management Listing, for both the HH-3F and the HH-52A, 12 percent of
the maintenance time is spent on repair of the rotor head and associated equip~
ment.

It has been projected that the SRR will cost $117.64 per flight hour for
maintenance. Assuming that 12 percent of this cost is associated with the
rotor, the overhaul cost of the SRR minus the rotor is $104.78/FH. The expected
lifetime utilization »f the SRR is 10,500 flight hours. Over its lifetime an
equivaleni wi 74 percent of the SRR's initial cost is expended on overhaul.

When RDT&E costs are Jncluded in the initial cost, the equivalent cost of over-
haul, excluding reotor, is 61 percent.

It has been assumed that the maritime patrol airship will have a life-tinme
utilizatdlon of greater tharnt 2.5 times that of the SRR. The SRR is a much more
severe operating enviromment, with greater vibration and a higher speed of
operation. Therefere, the overhaul costs will be prorated as a function of the
initial cost plus RUT&E by a factor of two Iinstead of the actual ratio of life-
time uvilization hours. From the above, the overhaul costs for the maritime
patrol airship are assumed vo be 122 percent of the initial cost, including
RDT&E of the airship or $6.1 million over its lifetime. This is equivalent to
$211.81 per flight hour. This is more than double the overhaul cost for the
SRR, excluding rotor maintenance, on a flight hour basis and probably is overly
conservative,

Consumables

There are two major classes of consumables required for airships: POL
(petroleum, oil, and lubricants) and helium. POL consumption is a function of
the mission.

The 1979 Coast Guard prices for JP4 and JP5 were 55¢/gal. and 63¢/gal.
respectively. Assuming the airship uses JP4 (6.91 lbs./gal.) the cost of fuel
is 8.4¢ per pound. This cost is expected to escalate significantly with the
price of all petrolium products. For the point design airship, based upon
current prices, POL will run between $15 and $75 per flight hour depending on
speed and heaviness.

Among all aircraft, the requirement to account for replacement of the
lifting gas 1s unique to airships. Due to the slight permeability of the enve-
lope, there is some loss of helium and some contamination of the helium by air.
There is also some loss ¢” helium due to valving of the airship under extreme
conditions. It will be assumed that one replacement volume of helium 1s re-
quired every two years. The cost of helium is extremely low due to lack of
demand. Its cost is $40 per 1,000 ft3. Most of this cost is due to trans-
portation costs. This is equivalent to a cost of $6.53 per flight hour. This
cost will probably change with the construction of large numbers of airships.
The demand will increase (Including a variety of industrial applications) but
the transportation charges may decrease due to the steadier demand. This is
also an area in which modern technology may impact. Modern fabrics should have
lower permeability than the past fabrics??, decreasing the need for replen-
istment of the helium.

VI-25
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Total Life Cycle Costs

The assumptions made and the value of each of the components of the life
cycle costs have been specified. Table VI-XV gives the breakdown of these
costs. Based upon these costs, the life cycle cost prorated on a flight hour
basis runs from $750/FH to $1,150/FH. The difference in the rate depends on the
type of mission in which the airship is employed. For long endurance missions,
costs increase because of high crew costs. High speed operations or missions
requiring 1ift of heavy payload consume fuel at a higher rate and are, therefore,
more expensive.

As previously stated, the single largest contribution to the life cycle
costs is personnel. Because of the flight hour restriction, there is a low man
power utilization. Because of the habitability of the alrship, a low fatigue
factor is expected and, therefore, this restriction could be relaxed.

Based upon these cost factors, it i1s possible to determine the life cycle
cost of performing each mission.

Standard Rate

An altermative approach to calculating the cost of performing a Coast Guard
nission is through the use of the Standard Rate calculation. 1In this approach
the costs are calculated on an hourly basis for the time personnel or an asset
is utdilized.

The method of calculating the Standard Rate is given in reference [68] and
summarized here:

Hourly Personnel Costs - take base pay, subsistance, BAQ, enlisted clothing
maintenance, and govermment contribution to Social
Security (twice actual salary) and divide by 2,920
hours for hourly rate

Fuel - hourly rate for fuel consumed
Other - all actual operating and maintenance costs
Depreciation - the actual acquisition cost divided by the number

of years of its expected life-time multiplied by
8,760, the number of hours per year.

In determining the standard rate, the sum of personnel, fuel and other costs are
added and multiplied by 1.25 to account for overhead and administrative ex-—

penses.

Using this approach, the following costs are obtained for the standard rate
of the airship:

VI-26
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TABLE VI-XV

SUMMARY OF LIFE CYCLE COSTS

CONTRACT INVESTMENT COSTS

Unit Acquisition Cost (Including RDTA&E)

NON-CONTRACT INVESTMENT COSTS
Unit Basing Cos%
Unit Depot Facility Cost
Initial Training Cost

TOTAL INVESTMENT COSTS

Prorated over 28,800 hr/lifetime

OPERATION AND SUPPORT COSTS

Personnel (Assuming 800 hr/yr limitation)

Crew Size
5
8
13

Replacement Training
Direct Maintenance
Overhaul Maintenance
POL

Helium

VI-27

$5,000,000

$ 688,400
$ 239,200

$ 500,000

$6,427,600

$233.18/FH

$235,38/FH
$360.88/FH
$567.88/FH

$ 26.04/FH
$ 23.20/FH
$211.81/Fd
$5 - $75/FH
$ 6.53/FH
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Per sonnel $ 64.49 - $155.58
2. TFuel/Helium $ 10.00 - $ 85.00
3. Other $244.14
4. 1.25x (1,2,3) $399.09 - $610.01
5. Depreciation $ 47.56
6. Total $446.01 - $654.28
These can be compared‘to the rates for Coast Guard cutters, aircraft, and .

selected boats as given in Table VI-XVI. For missions for less than ten hours
at low speeds, the Maritime latrol alrship is cheaper to operate than any air-
craft and all cutters except the WMEC 143. TFor long endurance missions (greater
than 20 hours) the standard rate for the airship is comparable to the rate of
the HU-16E and less than the HC-130s or the high endurance cutters.

f VI-28
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TABLE VI-¥VI
STANDARD RATES

PERSéNNEL FUéL OTsER 1.25%(1,2,3) DEFRECIATION  TOTAL
PLATFORM ($/HR) (§/HR)  ($/HR) ($/HR) (§$/HR) ($/HR)
WHEC 378 580.99 91. 173. 1,056.24 53 1,109.24
WHEC 327 533.51 84. 146. 954.39 10 964.39
WMEC 230 305.39 24, 119. 560.49 12 572.49
WMEC 213 270.64 32. 143, 557.05 10 567.05
WMEC 210 236,44 27. 80. 429.30 18 448.30
WMEC 205 270.64 27. 187. 605.80 19 624.80
WMEC 143 171.17 15. 62. 310.21 5 315.21
WPB-95 51.47 i3. 84. 185.59 2 187.59
WPB-32 21.36 9. 48. 105.45 2 107.45
HC-130C 130.52 287.21  664. 1,352.16 13 1,365.16
HC-130H 130.52° 287.21  3l4. 880.91 13 893.91
HU-16E 67.82 43,70 378. 611.90 3 614.90
HH-3F £1.31 65.65  574. 901.20 9 910.20
HH- 524 49,60 23.13  286. 448.41 3 451.41

$
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CHAPTER VII
VEHICLE CASE STUDTIES

In addition to an in~house design approach MFAS was conceived to include
built~in second and third opinions as to conceptual vehicle designs to perform
the missions specified in Chapter IV. These industry opinicns could then be

i over-laid on the in~house design to examine areas of agreement and disagreement.
The reader will note that despite some differences in vehicle configurationms,
essential features such as volumetric dimensions, empty weight, and performance
wera found to be quite similar.

CASE STUDY NO. 1: GOODYEAR ZP3G+6

(Goodyear Aerospace Corporation, Akron, Ohio)

The conceptual design of the ZP3G is shown in Figure VII-1. It 1s an
875,000 cubic foot, hover-capable airship of the non-rigid structural variety.
Its overall length is 324 feet and the maximum diameter of the envelope 1s
approximately 73 feet. 1In this configuration the propulsion units are ghown in
the crulse or conventional take-off position. The forward propellers, tilt,
plus or minus 90° and the stern pronulsion system tilts, plus %0° for VTOL
operation. The vehicle gross weight is 60,664 pounds with an empty weight of
33,740 pounds. The envelope is fabricated of modern Dacron and the conceptual
design uses four ballonets.

Bow stiffening and the X-type tail for the ZP3G concept are of counventional

) design., The "X" type empennage provides the necessary ground clearance for
short running taiie-offs in overloaded conditiong. A base structure for the fin
suspension cables is an added feature since it eliminates the fin catenary and
reduces the number of brace cables. The car is supported at the floor level by
the internal and external catenaries. A separate catenary system for the for-
ward propulsion system divorces the power plant from the car to reduce the noise
and vibration level for the crew. Location of the forward propellers in this
position is also necessary to balance the tiurust forces during the hover mode of
operation. The stern propulsion system is mounted on an inverter '"Vee" tail
which tilts with the propeller. The "Vee' tall greatly improves control effec-
tiveness in both hover and low speed cruise via ruddevator deflection in the
propeller slip stream.

The forward propulsion system employs cross-shafting to maintain efficient
fuel consumption in the intermediate speed ranges and provide a one-engine-out
capability. Engines are hnrizontally mounted externally on pylons. The pro-
peller gear box and the rotating thrust axis mechanisms are located outboard of
the engines. Characteristics and improved control capabilities of this arrange-
ment are discussed ir reference [<3].

Principle characteristics of the ZP3G conceptual design are listed in Table

VII-I. The envelope volume of 875,000 cubic feet is the design volume. With
Dacron fabric the increase in volume due to stretch 1s assumed to be 2 percent.

| VII-1
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Envelope Volume

Ballonet Volume

NADC-80149-60

TABLE VII-I
MAJOR CHARACTERISTICS

875,000 Cu Ft
216,250 Cu Ft

Fineuness Ratio 4,40
Beta Factor . .86
Static Lift @ 2,000 Ft Altitude 52,164 Lb
Dynamic Lift 8,500 Lb
Maximum Gross Weight 60,664 Lb
Weight Empty including Fixed Mission Payload 38,160 Lb
Useful Load 22,504 Lb
Power Plant

(3) Allison GMA-500 800 Shp Ea.
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A ballonet volume of 216,250 cubic feet permite the airship to fly missions at

5,000 feet altitude. Under standard atmospheric conditions it limits the bal-
lonet ceiling to 9,700 feet.

The gross weight of 60,664 1b. could be increased 3,200 1lb. when a vectored

thrust STOL operation is desired. This, in turn, would increase the useful
payload to 25,704 1b,

The performance summary 1s listed in Table VII-II. Maximum speeds are
taken at sea level using the take-off thrust of all engines. Range is listed at
40 and 50 knots minimum speed. Although the 40 knot velocity obtains an addi-
tional 100 nautical miles; the 50 knot reduces flight time by 25 percent,

For conventional taka-off the vehicle attitude assumes a maximum pitch
angle of 6° to assure 2 margin of safety for tail clearance. The performance
for acceleration and deceleration uses maximum power at sea level. To accele-
rate from zero velocity the airship is considered to be neutrally buoyant. For
the time to decelerate, from the 97 knot maximum speed, a six second tramsition
phase is assumed to change the propeller from zero to full reverse thrust. 1In
the table, range and endurance assumes that the vehicle is operating at the
2,000 ft. altitude with a useful payload of 6,370 lbs, Lift-off is STOL with
vectored thrust and the performance 1s based on 90 percent of the maximum fuel
load of 23,750 lbs. Figure VII-2 presents a possible configuration of the ZP3G
car. The basic car is over 70 ft. iong and 7.5 ft., wide. It provides for
maximum crew facilities, the large radar, and a winch for towing or hoisting.
This particular configuratioa shows provisions for carrying an inflatable 15 ft.
boat with a 70 horsepower outboard motor. The boat is raised and lowered with
two hydraulic utility winches with access to the boat made through trap doors in
the car floor.

‘Table VII-III presents a summary weight break-down for the ZP3G43. A
matrix showing performance adequate for all design wmissions 1is presented as
Table VII-IV., From the wide variation in take—off conditions such as heaviness

for the different missions, it is evident how much an optimized design is influ-
enced by its design mission.

The ZP3G, 1s a near—term low-risk conceptual design. The envelope is of
modern Dacrou fabric; most of the rigid structure is state-of-the-art aiuminum
of steel alloys, and the engines for the propulsion system start PFRT (pre-
liminary flight rating tests) in October 1979. The design provides improvements
in slow speed control and incorporates a vertlcal take-off and landing capa-
bility. At sea level, in the neutrally buoyant condition, the top speed is 97
knots. The maximum ferry range is 3,407 nautical miles with a 4,420 1b. fixed
onboard payload, a crew of six, and provisions for five days. Lift—-off wedight
of the vehicle less fuel is 40,110 1b. Maximum endurance with the same payload,
at a 25-knot minimum speed is 101 hours. The low-speed control of the ZP3G
provides the capabhility to tow an acoustic array for passive ASW screening
operations. It also permits towing a disabled ship with up to 400-ton displace-

ment 1t 6 knots. This displacement would approximate a ship 120 ft. long with a
26 ft. beam.
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TABLE VII-II

ZP3G PERFORMANCE SUMMARY

MAXIMUM SPEED (8,500 LB HEAVY)

MAXIMUM SPED (8,500 LB HEAVY, REAR ENGINE ONLY)
(MAXIMUM CONTINUOUS POWER)

MAXIMUM SPEED (NEUTRALLY BUOYANT)

RANGE @ 40 KNOTS

| v

RANGE @ 50 KNOTS

jv

BEST CLIMB VELOCITY

PATE OF CLIMB AT MAXIMUM POWER

RATE OF CLIMB LIMITED BY AIR SYSTEM
CONVENTIONAL TAKE-OCF DISTANCE (8,500 LB HEAVY)
VELOCITY @ LIFT-OFF

DISTANCE TO CLEAR 50 I'T. OBJECT

VELOCITY @ CLEARANCE HEIGHT

TIME TO ACCELERATE TO 40 KNOTS
(NEUTRALLY BUOYANT)

TIME TO ACCELERATE TO 92 KNOTS
(95 PERCENT MAXIMUM SPEED, NEUTRALLY BUOYANT)

TIME TO DECELERATE FROM 97 KNOTS TO O
(NEUTRALLY BUOYANT)

ALTITUDE LIMIT
BALLONET CEILING

ENDURANCE > 25 KNOTS

VII-$S

94 KNOTS

52 KNOTS

97 KNOTS
3,407 N.M.
3,290 N.M.

71 KNOTS
3,375 FT/MIN.
2,400 FT/MIN.
1,025 FT.

50 KN

2,400 F1.

65 KN

15 SEC.

64 SEC.

55 SEC.
5,000 FT.
9,700 FT.

101 HRS.
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TABLE VI-III
ZP3G WEIGHT BREAKDOWN

Envelope

Empennage

Car

Landing Gear

Pressure System

Surface Controls

Ballast System

Outrigger and Carry Through
Fwd Propulsion

Aft Propulsion

Fuel. Sysiem

Furnishings and Equipment
Fixeu Payload

TOTAL

*See Appendix A for more detailed welght breakdown.

Lgs

11,605
3,030
4,293

818

1,188
1,062

510

2,711
1,726
2,146
1,586
3,063

4,420

38,160
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CASE STUDY NO. 2: BELL MPA47

(Bell Aerospace Textron, New Orleans, Louisiana)

A basic configuration (Figure VII-3) was assumed having the general fea-
tures detailed in the following paragraphs. The gross weight is 65,274 pounds
and empty weight is 33,019 pounds. The envelope volume 1is 858,437 cubic feet.
The airship was assumed to be a non-rigid pressure airship with conventional
ballonets fore and aft, internal suspension system, nose stiffening, and an
empennage (and X-tail is shown in Figure VII-3). A prime envelope fabric can-
didate is the standard Dacron-neoprene, aluminized on the outside. Other enve-
lope candidates would include laminated mylar fabric/aluminum foil composites,
as well as Kevlar-reinforced materials.

The four turboprop propulsion units are less conventional. They incorp-
orate reversible thrust, and both the turbine engines and propellers are tilted
from vertical to horizontal for forward flight, and vertical for hovering,
taxiing, or VTOL. Lateral thrust components for precision hover in crosswings
is obtained by vectoring the propeller thrust from the tub, or by cyclic pitch.
To permit the tilting of the engines and propellers, they are mounted outboard
on out-riggers. These propulsion units would be similar to those used on the
XV-15 (Bell Model 301) aircraft. To provide the desired pitch and yaw control,
the rotors murt be located an appreciable distance apart. A rigid structure is
provided between the propulsion units.

A tricycle landing gear is emp'oyed, consisting of a single wheel under the
ferward end of the car and two otherw at the aft end, and 1s retractable. Each
wheel ,s castered. Using downward and hovizontal thrust components, the airship
can be hnld stable on the ground and taxled to a mooring mast or even into a
hangar in modcerate crosswinds,

An advarced automatilc rooring uystem 18 proposed for the alrship. Although
batteu stiffening wlll be used on the aleship nose, the conical mooring mast
thnt will Le used appears to be the soft-nose mooring mast which has been devel-
oped f)r tethered balloous. Asg shown 1n Figure VII-4, the patrol airship, with
its h'gh degree of hover uad tuxil precision, 1is nosed into the cone of the
mnoring mast, +vhich guides the nese to the center so that the nose cone splke of
.1e alrshly anaves ang locks uto a cemale fitting nt the apex of the cone.

The cone with the alvship 1s chen :ree to Curn 36N degrees of azimuth. An
aft tie-down line for the airghip would usz g bnok runnding on a circular track.
Thiu tia=down nouvk would attuch te the aft landing goar tc prevent kiting (sce
Figure VIT-5).

The Gell MPA dosign includes a flotoclor gystem to permit water landing at
saa (Fipure VII-6)., TInflatrgble, retrnctable, vertical tlouts sre aldo con-
srdared hecause of thelr inherent stabllity as flotetion devices. TFor added
flotation stability rmea anchors may be deployed and retvacted automatically as
part of the vertical float deplovment and retraction. The floats are attachad
to both the wuin and noga gears.  8Sea anchors are axtensel from nose and tatl
tocations t« develop pltehing atability n rough-water conditiony.

VIii-10
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The MPA may either take off vertically with the rotors thrusting directly
upward, or it may make a conventional running takeoff down a runway with the
rotors in a horizontal-thrust position. By iuclining the rotors at some forward
angle, a running takeoff with an extra-heavy load could be made, using dynamic
1ift from the envelope to augment the buoyant 1lift and the vertical-propulsive-
thrust component. The length of the takeoff would be a function of the amount
of overload; however, most overload takeoff lengths would be relatively short
(on the order of hundreds of feet rather than thousands).

In flight, the airship is initiallv heavy, and is flown at a positive angle
of attack to provide dynamic 1ift to offset the heaviness in the ccaventilonal
manner, with engines providing horizontal thrust. If needed, some upward tilt
of the engines may be employed. As fuel and supplies are consumed, the airship
becomes lighter, reaching neutral buoyancy when about 60 percent of the fuel has
been used. The angle of attack is reduced to maintain equilibrium, becoming
approximately zero at neutral buoyancy, and is made negative to provide negative
dynamic 1lift as the MPA becomes lighter than air. If necessary (e.g., at low
speed), the rotors can be given a tilt to provide a downward component of thrust.
Max imum forward speed 1s obtained when the airshilp is neutrally buoyant and the
rotor thrust is parallel t» the axis of the= airship.

Landing is the reverse of takeoff. Nugative thrust is used when the alr-
ship is light, and a lateral component of this thrust counteracts wind during
hover and landing. It ig also used for ground-taxi control.

Table VII-V presents the major characteristics of the Bell MPA design.
Table VII-VI provides an empty weight breakdown. The bzsic, key features of the
Bell MPA are low-gpeed concrol, ground taxi capability, elimination uf the need
for ballast or ballast transfer, and a sea anchor and float combination. These
features are primarily a result of a concept using the nilt-quad-rotor reversible-
thrust propulsion system,

For summary purposes che conceptual designs presented ags cases studies 1
and 2 are compared with the conceptual design generated by in-house efforts
(discussed in Chapter V), Table VII-VI presents the comparison hy highlighting
major geometric and perfourmance characteristldcs of all three conceptual LTA
vehicle designs.

Several distinctions are apparent as these three designs are examined.
Table VII-VIII summarizes the major differences. Note that the primary dis-
tinction (since size 1s nearly the same) s the lesser buoyancy ratio for the
Bell vehicle. This provides a greater load :arryiung capaclty (increased yroys
weight due to additionnl dynamic 1lift) but ac the price of twice the installed
power,
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TABLE VII-V

MAJOR CHARACTERISTICS

Static Lift @ 2,000 Ft Altitude

Dynamic Lift

Maximum Gross Weight

Weight Empty
Useful Load
Power Plant (4)
Maximum Speed
Design Altitude

VIiI-15

U ovempeye e

N i - s b

858,437 Cu Ft
223,194 Cu Ft

4.5

.73

44,658 1bs
17,917 1bs
65,274 1bs
33,019 1bs
32,256 1bs
1,077 each
104 knots
5,000 feet

.
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TABLE VII-VI
BELL MPA EMPTY WEIGHT BREAKDOWN

Envelope

Empennage

Car

Lending Gear

Pressure System'

Surface Controls

Jallast System

Qutriggers and Internal Support

Propulsion

VII-16

13,854
1,569
3,000
4,006
1,565
1,061

2,834
4,685

lbs
lbs
lbs
lbs
lbs
lbs
lbs
lbs
lbs

Baaaadia L SEPW S ORI
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COMPARIZON OF MPAS CONCEPTUAL POINT DESIGNS

ITEM

Envelope Volume
Length .
Diameter

Static Lift @ 2,000 Ft.
Dynamic Lift
Horsepower Required
Gross Weight

Empty Weight

Useful Load
Buovancy Ratio

Max. Altitude

Max. Speed

NADC-80149~60

TABLE VII-VII

GAC_zP3G

875,000
324

73.4
52,164
8,500
2,400
60,644
33,740
22,504

.86

10,000
57

1G‘oodyear Aerosgpace Corporation

%Ball Aerospace Textron

VII-17

BAT &

858,437

326
72,4
44,658
17,917
4,306
65,274
33,019
32,256
.73
10, 000
104

NADC_zP-x

783,696
305

69.3
44,243
7,638
1,927
54,554
27,674
26,880

.86

10,000
90
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I I
S ANALYSTIS

INTRODUCTION

The mission analysis has estvablished that there is a potential for uti-
lizing airships in Coast Guard missions. Based upon a small sample of these
missions a conceptual airship design was specified, as discussed in Chapter VI,
The purpose of the effectiveness analysis is to determine the level of potential
utilization and effectiveness of the point design airship across the spectrum of
mission pvofiles described in Chapter IV,

To perform this analysis a computer program was written. This program
determines if the point design ailrship is capable of performing each of the
mission profiles, the cost of performing a profile, the hourly cost of opera-
tions, the time required to perform the mission and the total flight hour re-
quirement on an annual basis for each profile. The results of this analysis
have been tabulated and are presented in this chapter.

It is to be emphasized that the concern of the study has been to evaluate
if airships can perform Coast GCuard missions in a cost effective manner with
sufficlent need to warrant an R&D program. This chapter addresses the last two
concerns. In Chapter IV it was concluded that a modern alrship ca.a be ezpected
to perform a wide variety of Coast Guard missionsg.

The remainder of this chapter will discuss the computer model, present and
analyze the results, and provide a brief comparison of airships to existing
platforms.

COMPUTER MODEL

The main purpose of the computer model 1is to give a first order estimate of
the cost of utilizing a point design airship for existing Coast Guard mission
requirements. The model measures three functions of the alrship operation: the
cogt of performing the mission; the determination if the missicn is within the
capabilities of the airship design; and the duration of the mission. A brief
description of the program is provided below and the listing of the program is
included in Appendix G.

The computer program cycles through the geven tasks as specified for each
of the migsion profiles. For each of the included tasks, the duration and fuel
consumption are calculated. If a task is not included 1in a profile, obviously,
no calcdlations are made for the task. The determination of the duration of the
task is a function of the type of task, For the transit and patrol tasks, which
are gpecified in distance traveled, the duration is calculated by dividing the
distance by the specified speed. TFor the station keeping, board, and towing
tasks, the measure of the tasks 1s duration. The duration of a loglstics task
ic asgsumed to be one hour. The duration of a search task is determined by
dividing the area to be gearched by the sweep rate. Facl type of gzarch has a
specified sweep rate. The duration of a search mission requiring more than one
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type of search is determined by the dominant search type. It is assumed that
the various types of search are occurring similtaneously.

The fuel consumption is calculated on the basis of alrship speed, type of
task, and the heaviness of the airship. Pilecewise linear Specific Puel Consump-—
tion (3FC) ¢irves, as a function of payload, have been assumed. The fuel con-
sumption is constant for all payloads up to the static lift capability. For
payloads in excess of the static lift capability, the SFC increases linearly
with the payload weight,

¥
When the airship is operating heavy, requiring dynamic lift, the consump-
tlon rate changes as fuel is consumed. As fuel is consumed the welight of the
airship decreases requiring less power for the dynamic 1ift. Tn the model, in
the dynamic lift regime, the following equation was developed based estimated
fuel consumvtion. ! 0
st
C = Afle” - 1)
where
C = the amount of fuel consumed in time t v
A = a congtant of Integratlon taken from estimated speclfic fuel consump-
tion data for the welght of the airshilp at the beginning of the task
interval
¢ = the slope of the Specific Fuel Consumption curves in the dynamic
lift regime : ¢

t = the vime interval to perform a task

The crew size and assvciated weight s calculated as a function cf the
mlssion duration. The crew size 1 5, 8, or 13 if the wission is less than 10
hours, between 10 and 20 hours, or greater than 20 hours, resgpectively. BEach y
crew menber is assuwed to weight 200 1lbs. aud require 25 lbs. of stores.

Ag implemented in the program, the requirements for each task are calcu=-
lated dn the order iw which they are iaput to the program, starting with Task 1,
Transit, and cycllng through to Task 7, Tow. If a task {s not specifled for a
profile, no contribution for that task is calculated. 7This approach ignores the I
actuzl time sequence of events in operations. The computation gtarts by calou-
lating the fuel requirement and duration of the transit task independent of when
the translt task occurs In the actual operation. Next, the fuel consumption and
duratlon of the Patrol task is calculated, ete., The effect of this approach is
important in the determinacion of the fuel congumed.

]
Ao the fuel raguireament for a task is calculated, i1t is added on to the
puyload weight, When the sum of the payload and consumed fuel exceads the
. static YIft capabllity, the fuel consumption rate for a task 1s calculated on
. the basls of the dynamic 1ift requirement., Therefore, although the fuel con-
! smption ls calculated starting with Task 1 and cycling through to Task 7,
i §
|
#
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this is equivalent to performing the tasks in reverse order. Task 7, when
specified, will always be performed with a full load of fuel and Task 1, when
specified, will zlways be performed with just enough fuel to perform the tasks
plus fuel for takeorf and landing and a reserve of 10 percent. As the duration
of the mission exceeds 10 or 20 hours, the weight of the crew is incremented to
account for increased crew size.

Costs are calculated on the basis of fixed costs, including investments,
maintenance, and overhaul; personnel costs; and POL costs. Both the hourly
operating cost and total mission costs are calculated.

The output of the model includes the hourly and mission cost, fuel cen-
sumed, mission duration,; and total annual missions hours for each profile. An
example of the printout from the program is given in Table VIII-I. The first 11
columns summar ize the mission profile and are input to the program. The next
column %is the average hourly cost, followed by the total cost of performing the
mission. Both of these costs are based upon the life cycle cost estimates given
in Chapter VII. The next column gives the total fuel consumed parforming the
mission. The next column lists the duration of a single mission and the last
column gilves the annual flight hour requirement associated with all occurrences
of a profile, If a profile exceeds the capabilitles of a specified vehicle it
is noted in the output, e.g., profile 2.,1.17., The complete printout is given in
Appendix H. 1In addition, statistics are compiled for each program on the number
of profiles, number of occurrences, and total flight hour requiremenc, cate-
gorized by mission endurance.

PROJECTED UTILIZATION

In Chapter IV a total of 264 mission profiles were identified for potential
airship utilization. On the basis of the computer analysis, the point design
alrship is capable of performing 211 of these profiles. Of the 53 profiles
beyond the capability of the airship, 43 are assoclated with the Military
Operations/Military Preparedness Program. Because of the mature of the MO/MP
program, the specification of these profiles was not based upon existing opera-
tions but, rather, preliminary estimates of the airships capability. Of the
remaining ten profiles that exceed the point design airship capabillity, nine arve
assoclated with distant ELT operations (off of Alaska) and one 1s associated
with a logistics operation for the MEP program (delivery of 17,000 lbs. of
clean-up equipment). The point design airship, however, was capable of per-
forming a similar MEP logistics operation (17,000 1b. payload) but with a
shorter transit distance and station keeping requirement.

When the number of potential missions (number of profiles times their
occurrenceg) are considered, of a poasible 13,116 flights, as specified in
Chapter IV, the alrship is capable of 12,860. Since occurrences are not specl-
fied for the MO/MP program, the 43 profiles beyond the point design airship's
capability are not cunsidered in the total annual mission requirements.

The composition of the potential airship utilization by program is given in
Table VIII-II. For each program the number of specified profiles, the annual
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TABLY. VIII-I
SAMPLF. COMPUTER PRINTOUT

P N

10 HIS3ION  TASK TASK TASK TASX TASK TASK TASK SEARCH CQCCUR~ KOURLY TOTAL FUEL. DURATION TOT
NUHEER FPAYLOAD 1 2 3 4 s é ? fYPE ENCE cosT casrt (LBS) {HRS) tHR
1.1.1 12389, 50.0 130.0 1.0 Q.0 0.Q 2020,0 0.0 1 10 3 731.14 s 4131.25 1719.5 5.5 35.
1.3.2 1289, 0.0 300.9 2.0 0.0 0.0 2¢00.0 0. C i 10.% 751,05 8 2.3%.,01 2738.3 9.50 9?3,
1.1.3 1289, 100,0 200.2 2.0 0.0 6.0 5000.0 0.0 t 1008 751.07 8 4383.07 2643.5 8.50 835,
141.4 1239, 100.0 300.0 2.0 0.0 0.0 5000.0 0.0 1 10 3 874.54 % 9203.70 3248.5 10.50 105.
1.1,8 1289, 100.0 200.0 4,0 0.0 0.0 5000.0 Q9.0 1 10 % 874.%4 % 9203.70 3I243.3 10.50 103,
2e101 734, 0.0 Q.0 Q.0 20.0 Q.0 0.0 0.0 b3 10 3 1083.34 8 214658.80 4200.0 20.00 200,
2.1.2 234, 0.0 0.0 0.0 3%.0 0.0 9.0 0.0 1 75 % 1033.94 3 3I7920.40 108%0.,0 33.00 24235,
2ele3 734, 0.0 100.0 4.0 20.0 Q.0 0.0 0.0 1 2% 3 1083.44 3 2B149.99 8060.0 34.00 630.
20104 734, 0.0 100.0 4.0 35.0 0.0 0.0 0.0 1 100 3 1093.48 8 443587.91 13330.0 43.00 4300,
o XS ¥Y-] 734, $50.0 0.9 0,0 3.0 0.0 0.0 0.0 1 108 750.94 % 3J003.75 1240.0 4.00 40.
2.1.4 7234, 0.0 0.0 4.0 10.0 0.9 Q.0 0.0 1 S0 8 B74.44 3 14023.04 4940.0 14.00 BCGCA
201.7 7?34, 50.0 0.0 0.0 15.0 0.0 2.0 0.0 1 S50 % B74.,44 3 14023.04 4960.0 16.00 80Q.
2.1.8 734, 50.0 0.0 2.0 1%.0 0.0 0.0 0.0 1 100 ¢ 874.44 $ 14453.34 5890.0 19.00 1900.
2.1.9 7343, 0.0 0.0 0.0 20.0 0.0 0.0 0.0 1 25 % 1083.44 3 D27%2.24 4%510.0 21.00 $25.
2.1.10 734, 50.0 1090.0 4,0 20.0 0.0 0.0 Q.0 1 100 ¢ 1085.44 ¢ 29232.88 8370.0 27.00 27040,
Y S DY 73%. 0.0 200.0 10.0 70.0 0.0 2.0 Q.0 2 200 ¢ 1083.44 ¢ 41531.84 11883.3 39.33 74644,
Q.02 734, 1%0.0Q 50.0 2.0 3.0 0.0 0.0 0.t 1 ZO0 % 87044 % 9640.84 3410.0 11.00 550,
204,12 734, 150.0 §00.0 4.0 20.0 0.0 Q.0 0.0 1 100 ¢ 1083.44 ¢ 31419.746 B990.0 29.00 29090,
20010 734, $00.0 %0.9 2.0 2540 0.0 0.0 0.0 1 SO 3 1093.44 ¢ 411720.7%1 11790.0 38.0Q00 1900Q.
Zeladz 733, 500.0 100.0 4,0 0.0 0.0“ Q.0 0.0 2 200 % 10873.44 3 35392.38 10124.7 32.47 4533,
2,128 734, 300.0 200.0 8.0 100.0 ¢.0 0.0 0.0 2 100 8 1084.49 % 40008.21 17874.7 22.33 3533.
Q.tet? 734, 2000.0 i00.° 4.0 25.0 0.0 0.0 0.0 1 M
FUEL COMSUMEDs 267046.7 unEATER THAN LIALT =18842.31
MISSICN (ERMINATED IM TASN 4
2.1.18 734, 2000.0 150.0 4.0 $0.0 0.0 0.0 0.0 S 25
* FUEL CONSUSEDW $7774.,9 GREATER THAN LINLIT 0}12842.31
MISSLION TEARINATED IN VALK 4
FERER 4 234, 2000.0 200.0 8.0 100.0 0.0 0.0 0.0 2 S0
FUEL CINSUPEZO» 37374.3 GREATER THAH LIMIT =18242.31
HISSIU.. TERMINATEU I[N TASK 4
201420 234, 1000.0 0.0 8.0 15.0 0,0 0.0 0.0 |} J00 % 10393.43 8 44787.91 13330.0 43,00 12900,
2.2.8 V34, 0.0 100.V 4,0 20.0 2.0 0.0 0.0 1 23 ¢ 1093.44 ¢ 30334.32 B8400.0 28.00 700.
2.2.2 734, 0.0 10v.0 4.0 35.0 2.0 0.0 0.) 3 100 ¢ 10A3.45 ¢ 40735.%2 13979.2 43.00 4500
2.2.3 734, $0.0 2.0 2.0 10.0 2.0 0.0 0.0 3 10 ¢ 9746.44 % 14023.04 4950.0 14.00 140.
2.2.4 73¢ %0.0 0.0 2.0 1%.0 2.0 0.0 0.0 3 S0 ¢ 1093.49 4 22730.24 4%510.0 21.00 10%0.
2.2.5 734, 0.0 100.0 4.0 20.0 2.0 0.0 0.0 3 10 ¢ 1083.44 % 3t1419.74 B970.0 229.00 290.
2.2.4 734, 0.0 200.0 10.0 70.0 4.0 0.0 0.0 2 100 ¢ 1033.44 % 4%845.43 13123.3 42.33 4233,
2.2.27 734, 0.0 50.0 2.0 Z.0 2.0 Q.0 0.0 1 108 876.44 % 11393.72 4030.0 13.00 130.
2.2.9 734, 150,00 100.0 4.0 20.0 2.0 0.0 0.0 3 100 % 1083.44 3 3I3335.43 94610.0 31.00 Jto0.
2.2.9 734, 500.0 0.0 2.0 5.0 4.0 0.0 Q.0 3 2% 3 1083.,44 % 45504.48 13020.0 42.00 1050.
2.2.10 734, 200.0 100.0 4.0 g0.0 4.0 0.0 0.0 X 100 ¢ 1083.43 3 39724414 11344.7 36.467 Js66A.
2.2,1¢ 73t. 500.0 200.0 8.0 102.0° 2.0 0.0 0.0 2 200 % [0B4.85 8 62173.24 187861 57.33 11464,
2.2.12 754, 2000.0 LO9.0Q 4,0 2%.0 4,0 0.0 0.0 3 30
Fuzy s e 29210, 72 GeEATER THAN LIALT | Ad40.31
Aly i Fe-=anTED Lo TASY, 4
L2013 754, 2000,0 149D.0 0.0 %0.0 2.0 0.0 Q.0 1 a3
Fhih Clo3 28 11SY. 9 GAEATER THAN LIMLT 12912414
Ri,tne T¥erisniel [N TALY 4
2.2,14 754, 00,0 290,90 #.0 109.0 2.0 0.0 0.9 2 0
Fup'. COHni'ralie 4L 17,7 GREATER THAN LIMIT slDhi2.31
P30 TEAL0aTED IN TASA 4
2,219 7340 10n2.0 0.0 a.0 15.0 2.0 0.0 0.0 b SO 3 1093.45 % 4075%.92 (37%7.1 435.00 290.
2.3.1 PRI 2%.0 50.% 1%.0 1%.0 2.0 0.0 0.0 t 2 % 100544 8 34T98.23 1033%5.¢ 33.%0 47.
2.3,2 734, 25.0 50.0 2.0 15.0 2.0 0.0 100.0 1 108 1079.44 & J2690.91L 295%3%.0 30.50 3Q.
2.3.3 734, S0.0 100.0 20,0 20.90 2.0 0.0 0.0 ) 2 % 1043448 3 A43755.32 1393V9.1 45.00 0.
2.3.4 734, 10,0 100.0 20,0 30.0 2.0 0.0 0.0 1 1
FUEL COntmEla 30521 .1 CREATEX THAN LIMIT «18942,.31
AI3IEDN TENALHATED IN TASA L]
2.3.% 734, lano.e 200.0 £0.0 0.0 2.0 0.0 0.0 1 2
FLEL GO%Scmi Dy 2HP2A,2 AFEATFR THAN LIMIT =13012.31
-
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TARLE VIII-II
AIRSHIP UTILIZATION

PROGRAM PROFILES MISSICNS FLIGHT HOURS
(ANNUAL) (ANNUAL)
NUMBER NMUMBER NUMBER
PERCENT PEKCENT PERCENT
A/N 5 50 445
) 0 0
ELT 32 (9)* 2330 (255)%* 85807
15 18 47
MEP 22 (1)* 846 (1) 166441
10 7 9
MG /MP 66 (43)% - -
31 - -
MSA 11 418 8642
5 3 5
PSS 18 508 5948
9 4 3
SAR 49 3312 55608
. 23 65 30
10 8 405 11083
4 i 3 6
TOTAL 211 (53)* 12860 (256)* 183472

#( ) represents proposed profiles or mission occurrences beyond the
capability of the point design airship.
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number of missions, and the total annual flight reguirement are given. The
percentage by program of the total utilization is also given.

Both the number of profiles and annual number of missions were specified
based on the analysis discussed in Chapter IV. The annual flight hour require-
ment was calculated by the computer program. This analysis shows that there is
a potential for using airships 183,000 hours a year. Assumiag 2,400 f£light
hours per year for an airship, there is a potential requirement for over 75
airships. Of this requirement 47 percent of the flight hours are associated
with operations of the ELT program. Thirty percent of the flight hours are
associated with SAR operations. None of the other programs account for more
than 10 percent of the flight hour requirement. MO/MP does not have any flight
hour requirement due to the contingency nature of this program.

MISSION DURATION

To determine the significance of endurance for the airship role in Coast
Guard operations, the annual flight hours requirements, grouped by tan hour
intervals of mission endurance, were plotted in a histogram. Figure VIII1 shows
that the flight hour requirement remains at a fairly constant level for the
first five grouvings. The requirement varies from 27,000 hours for missions of
20 to 30 hours, up to 39,000 hours for missions oy 40 to 50 hours. The average
flight duration is 14.3 hours.

In the cost analysis, a buy of 50 airships was assumed. With five of these
airships for training and research and development, there would b 45 opera-
tional airships. If totally utilized, the 2,400 flight hours per year, the
airships would be overational 108,000 hours. From Figure VIII-1 it is seen that
this availablility is sufficient to satisfy all requirements up to missions of
between 30 to 40 hours. Because of scheduling and operational considerations,
it is unlikelv that the 45 airships could fulfill all of these missions.

Although this analysis indicates that it 1s possible to have the point
design airship operate on missions of loanger than 40 hours endurance, this is
unlikelv, except under extreme conditions. Because of the generality of this
study, the car of the airship was assumed to be of modular design, allowing
modification to the interior of the car to accommodate the needs of a mission.
It is unlikely that the basic car design could be modified to handle the habit-
ability requirements of missions greater than two days (approximately 50 hours).
Therefore, without the redesign of the car and an associated increase in the

size of the airship, missions of over 50 hours are probably beyond crew en-
durance.

While the annual requirement for flight hours remains fairly constant for
missions of from O tc 50 hours, the number of missions 1s greater for short
duration operations and decreases with increasing flight duration. Figure VIII-
2 1s a histogram of the annual number of missions as functioa of flight dura-
tion. An overwhelming number of missions are of duration of less than ten

hours. Annually, there are approximately 7,500 missions of less than ten hours,
many of these associated with SAR operations.
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A similar histogram of the breakdown of the number of profiles by flight
endurance is given in Figure VIII-3. Again, the most frequently occurring
prefiles are those of shorter duration. This indicates that in performing the
mission analysis, as described in Chapter IV, the operations chosen for airship
participation were those of shorter duration. Since this analysis is based upon
operations as they are performed by existing Coast Guard assets, the operations

4 are not necessarily specified in a wmanner that are optimal for airship opera-
tions. A more thorough analysis, in which mission operations are configured for
optimal utilization of a point design airship, will probatly have most missions
of from 20 to 30 hours duration.

Similar histogram analysis has also been perfermed for each of the eight

¥ Coast Guard programs of interest. These are given in Appendix F. Note that the
scale varies from histogram to histogram. Also, because of the contingency
aspects of the MO/MP program, there are no flight hours or mission requirements
histograms. Raview of these figures Indicates two distinct groupings or pro-
grams. In the A/N, PSS, and SAR programs, shorter missions (less than 20 hours)
tend to predominate. The lenger missions tend to predeminate for MO/MP opera-

¥ tions also. This implies that there may be a requirement for the design of two
distinct airships, a smaller one of about 15 hour endurance and a larger one of
about 40U hour endurance. The smaller airship could be designed for more econom-
ical operation whereas the larger airship (probably of similar design as the
voint desigr airship) would have greater capability.

& TASK ANALYSIS

The potential utility of an airship for Coast Guard missions comes from 1its
ability to perform a number cf operations well. It is not that the ailrship
especially excels at any one task, but giver an aggregation of tasks, typical of
Coast Guard missions, 1t should provide superior capabilities. Because of the

M hizher speed, alrcraft will generally be better wide area sezrca platforms.
Because of their stability and lower speed, however, airships may be 1deal for
detailed search or search for small objects. For boarding operations and long
endurance requirements, ships are better. But for the large number of opera-
tions that mix these tasks, ailrships offer great potential,

To determine the nature of the mix of tasks in the spectrum of the Coast
v Guard missions evaluated in this study, the task composition of the potential
utilization of the airship was analvzed. Tables VIII-III through VITI-VIII
present both the number and percent of the operations of each program requiring
a task function. This data is provided for the number of pronfiles, the annual
number of missions, and for annual number of flight hours. Programs in which
none of the profiles require a particular task are not listed.

- —— A 2oty 2

]
In Table VIII-III, both the transit and patrol task requirements are com-
bined. Both of these tasks require the same airship capabilities, differing
only in their contribution to mission suecess. All eight programs have missions
that require transit or patrol. Over 21l of the Coast Guard operations evalu-
ated in this study, 95 percent of the profilles, 97 percent of the annual mis-
b slons flow, and 90 percent of the total flight hour requirement, are associated
) ' VIIT-9
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TABLE VIII-III
TRANSIT OR PATROL REQUIREMENTS

PRGGRAM PROFILES | MISSTONS FLIGHT HOURS
; (ANNUAL) (ANNUAL)
NUMBER NUMBER NUMBER
PERCENT PERCENT PERCENT
A/N 5 50 445
100 100 100
ELT 30 2245 82482
94 26 97
MEP 22 846 16441
100 100 100
MO/MP 66 -— -—
100 -— -
MSA 9 218 5276
82 52 61
PSS 14 504 5900
78 99 99
SAR 49 8312 55608
100 100 100
10 5 250 8850
63 62 80
TOTAL 200 12416 175000
95 97 95
]
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TABLE VITI-1IV

STATION KEEPING/TRAIL REQUIREMENTS

PROGRAM PROFILES MISSIONS FLIGHKI HOURS
(ANNUAL) (ANNUAL)

NUM BER NUMBER FMUMBER
PERCENT PERCENT PERCENT

A/N 5 50 445
100 100 160

ELT 27 2160 81127
84 93 95

MEP 22 846 166441
100 100 _ 1.00

MO/MP 20 - -

30 — —

MSA 4 400 4357
36 96 50

PSS 18 508 5948
100 100 100

SAR 41 4662 37008
84 56 68

TOTAL 157 8626 143926
65 67 80

VIiI-12
AW _ .

-

. SRS NS
i Da At e e —— W




NADC-80149-60

6 £6 €L
| Z16€(1 1611 SG1 TVLOL
00t 001 001
18011 S0y 8 01
001 001 001
80955 z1e8 5% AVS
66 86 €9
9968 01y L VSH B
- - 98
- - %9 dI/OKW
61 €9 iz
76671 HES 9 ddK
Ly 001 001
LOESS 0€Ee 43 1T
INASHAJ INID¥Td INAD¥dd
WHEWON WAL RN AL NAN
('IVIINNY) ("IV/INNY)
SYNOH 1HO91I14 SNOL1SSIR 531140344 WY49044
LNBWHE 1AW HOEVAS
A-1114 HAIAVL
- a» i -»

VIII-13

iy il . - b

L S Y




NADC-80149-6G

0t 67 [4
67865 GYLE £6 TVIOL
T tE L€
12822 0187 g1 avs
- - 72
- - 71 diW/ON
1 z 6
0%e ()4 z dIH
8¢ 5¢€ 99
181LT¢ ST 12 LT
LNADWid INIoudd INAD¥dd
WZARAN YA WAN UTY WON
('TVANNVY) ("IVQINNV)
Syiiud IHOITE SNOISSIKW s371404d WY3o0dd

SINTMAYT A0FY HNIGEV0L
1A-111A AI9YL

VITI-14

o ot kAT W

R TN

% N

-




NADC-801.49-60

TABLE VITIX-VIT

LOGTSTICS REQULLEMENTS

PROGRAM PROFILES l MISSIONS FLIGHT HOURS
¥ i {ANNUAL) (ANNUAL)
NUM BER NUMBER NUMBER
PERCENT PERCENT PERCENT
A/N 5 50 445
v N S 100 100 100
MEDP 7 47 304
42 18 2
MO/MP 13 —— -
! , 20 wm e
MSA |4 8 76
36 2 1
PSS 8 8 104
{ 44 2 2
SAR 15 410 3812
31 5 7
TOTAL 52 523 4741
25 i 4 3
|
4
1
|
1 ‘-‘
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TABLE VIII-VIII
TOW REQUIRIMENT

PROGRAM PROFILRS MTSSIONS FLIGHT HOURS
' (ANNUAL) (ANNUAL)
NUMBER NUMBER NUMBER
PERCENT PERCENT PERCENT
ELT 1 1 30
3 0 0
MO/MP 30 - -
45 -— —
SAR 12 1342 10037
24 16 18
TOTAL 43 1343 10067
20 10 5
VIII-16
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with missions that require the transit nr patrol task. If the efficilency of the
alrship in performing the transit or patrol tasks 1s lmproved, by either in-
creasing the speed or decreasing the cost of operations, the efficiency of over
95 percent of all missions will be increased,

The station keeping/trail task requirement i1s analyzed in Table VIII-III.
In this table, seven programs are listed; the IO program does not contailn any
missions requiring station keeping or trail. There 1s a lower requirement for
this task than for transit or patrol; however, for three programs (A/N, MEP, and

PSS), all missions require this task. Overall Improvement in the station keeping/

trail capability of the airshilp, by decreasing the fuel consumption, would
impact on 60 percent of the missions.

Six programs require search capability. A/N and PSS do not. As seen in
Table VIITI-V, 100 percent of the ELT, SAR, and IO missions require search.
Overall, 93 percent of all of the proposed airshilp misgions for the Coast Guard
will include search operations. The type of search may vary from misslon to
mission, some using sonar equipment, others uging radar or special ilnstrumenta-
tion, etc. Because of its large size and payload capability, the airship offers
opportunities to improve sensor performance through design modification not
possible in most other aircraft., Improved sensor capsbility will impact on a
large number of proposed airship mdissions.

Boarding 1is required for migsions of four of the programs (ELT, MEP, MO/MP,
and SAR). Overall, only 29 percent of the proposed missions will requiru a
boarding capability. Boarding requires both the capabllity for the adlrship to
hover, as well ag, a mechaniam for transferring the bourding party to the plat-
form., It 19 assumed that both capabilities are within the state-~of-the-art of
current technology. Limited bourding capabilities have been demonstrated in
past alrship vperations. If, however, this capubility cannot be uttained, Lesg
than 30 percent of the proposed missions would be uffected.

Logiustics is another task that requires the alrship to hover., Six of the
programs have missions that include logistilcs operations (only ELT and I0 do
not). As shown in Table VIII-VII, only 4 percent of all of the proposed Coast
Guard missions include logistics. However, all of the A/N uissions include
logistics operations. Besides hovering, loglstics tasks require the alrship to
have a constant tengion winch and are limited by the payload capability. The
payloads for the specified logistics operations can be ag large as 17,000 1lbs.
(for the ZP-X design). Again, if the airship 1s not capable of hover, it will
probably not be able to perform the logilstico tasks.

The lasc task requirement, tow, ig analyzed in Table VIII-VIII. Only three
programs (ELT, MO/MP, and SAR) require a towlng capability. A total of 10
percent of the proposed missions include the towing task. Alrships have demou-
strated a towing capability. With the addition of a hover capability, the
efficlency and extent of towing operations should increase.

The capability to hover 1s necessary for the performance of both the
hoarding and logisticsy tasks. Table VIII-IX presents the results of the an-
alysis of the hover requirement. Ounly the I0 program does not have missions
that require the hover capability. This table accounts for missions that

VIII-17
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TABLE VIII-TX
HOVER REQUIREMENTS

. Loe
e e e e e

PROGRAM PROFILES MISSIONS FLIGHT HOURS
(ANNUAL) (ANNUAL)
NUMBER NUMBER NUMBER
PERCENT PERCENT PERCENT
A/N 5 50 445
100 100 100
ELT 21 915 32782
66 39 __ 38
MEY 9 67 544
41 20 3
MO/MP 23 - -
35 —_— -
MSA 4 8 76
36 2 1
PSS 8 8 104
'3 2 2
SAR 26 3140 25592
53 K 38 46
]
TOTAL 96 4188 59543
45 33 32
VIII-18
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contain either the boarding or logistics task. Migsions that require both are
only counted once. Only 33 percent of all of the proposed missions require a
hover cupability. The largest number of missions requiring hover are associlated
with the SAR program. The largest number of flights hours for missions in-
cluding tasks associated with hover are associated with the ELT mission. If the
ability to hover is not attainable, there is still a sufficient requirement for
airship participation in Coast Guard operations. There still remains a poten-

. tial of 123,000 flight hours annually.

COST ANALYSIS

As part of the computer program, for each profile, both the hourly cost and

total mission cost were calculated based upon the life cycle cost. As computed
‘ on an hourly basis, most of the cost components are independent of the nature of
the mission., These include investment, maintenance and overhaul costs. The two
exceptlons are personnel costs and POL costs. As discussed in Chapter VII, the
personnel costs are dependent on the duration of a mission. The longer the
mission the larger the crew, varying from 5 for missions of less than 10 hours
to 13 for missions of greater than 20 hours. POL cost depends upon the mix of
tasks required for a mission., High speed or hover consume much more fuel than
cruiging. Station keeping consumes less. Therefore, the hourly cost varies
from profile to profile., However, since crew costs are a dominant component of
the life cycle cost, the hourly cust can be approximated for three distinctilon
gituations. TFor missions of less than ten hours, the hourly cost 1s approxi-
mately §750/hour. Fer missions between 10 and 20 hours, the cost is approxi-
mutely $875/hour, and for missions of greater than 20 hours the approximate cost
¢ is $1,085/hour,

The cost of a mission will vary with the length of the mission. TFor all of
tha missions unalyzed, the cost extremes are $1,127 for a 1 1/2 hour MO/MP
loglstics support missinn to $117,659 for a 110 hour MO/ME towed array search
rnissdon, ‘The cost of delivering ADAPTS equipment to a MEP clennup operation ten

] miles off-shore 1s $2,823. The cost of doing a SAR operutilon can be as little
ag $1,501 for an operation 25 miles from the alrbase, to $13,440 for an opera-
tion 500 miles nff-ghore. This mission includes towlng the vesgel back to port.
These cosgts are all based upon the life cycle costs, which tend to be signifi-
cantly higher than standard rate costs.

] Obviously, the cost will vary from migsion to mission. It is highly un-
litely that the conceptual design airship will be able to perform missions of
110 hours especlally with a crew of 13. Migsions of from 30 to 40 hours will
cost between $32,000 and $43,000. The complete printout of mission cost 1g
given in Appendix H,

| COMPARATIVE ANALYSILS

The thrust of this analysis has been on the determination of the feasi-
biiity of using airships in Coast Guard operaticons. lLowever, to put this
analysis in perspective with the current uge of Coust Guard platforms, a brief
comparative analysis was performed. Both the fuel efftfciency and cost of per-

] forming selected missions was analyzed.
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The most frequently occurring of the prcposed airship missions were chosen
for this analysis. Thirteen profiles are given in Table VIII-X. All profiles
that have an expected occurrence of 200 times or more per year are included.
All of these profiles are associated with either the ELT orogram or SAR. There
1s no reason to believe that these profiles are not typical of the speccrum of
profiles analyzed in this study.

The airship cost and fuel requirements for these missions were compared
with those of the following Coast Guard platforms:

HC-1308

HH-3F )
MEC 210

HEC 378

HU=25A (MRS)

To perform this analysis, estimates of the expected performance fov these
platforms had to be specified. Table VIII-XI lists the values used. Cruilse
speed is uged for the aircraft, and maximum speed 1is used for the cutters, The
ingtrument sweep rates are calculated based uvon the radar detection ranpe
against a large target (150 M2 cross section)zs. The visual sweep rate for
aircraft is assumed to be about 1/5 of the instrument sveep rate. For ghips,
the vigual sweep rate 1s asssumed to be obout the same as the instrument sweep
rate. Fuel consuaption is specified for crulsing speed except where noted. In
determining fuel consumption for the cutters, the lower figure is used for
station keeving/trail, boarding, logistics, and towing tasks., The lilgher rate
i3 used for transit, patrol, and search tasks. For the cutters, the fuel con-
sumption assumptions are highly favorable to the cutters in that the performance

1g calculated ot 4 higher speed than that ngsociuted with the fuel censumption.

In that this 18 a brief analysis, approximate numbers were used to gpecify
the performance of these platforms, In all cages the numbers chosen for these
platfv-as will reflect thelr perforaunce or enhance {t. Therefore, in the
compara.ive analysis, if there 1s a bilas, 1t 1s againsgt the ailrship.

Based upon the performance parameters, the mission duration for each of the
platforms ia each of the missions specified ir Table VIIT-X was calculated.
Table VITII-XII summarized the resilis. Missilons that exceed the endurance of a
platform are noted with an ¥, Migsions that require a capubility beyond those
of a platform 2rv denoted with an X, These are assoclated with airceraft opera-
tions that require towing or hover (for the HC-130 and MRS) or delivery or large
payloads (MRS). A "?' is used to denvte that the operation is questionable.
Profile 2.2.11 requires a 57 hour LTA misgions and ceven though the point design
airship 18 capable of this mission, it 1s questionable if, for the specified
crew size, the crew could endure such a prolonged misslon. For thz MRS, the 7.1
migsions are noted with '"?g'", This 1is 4 search only SAR mission, wut the MRS
would not be able to provide agsistance 1f needed., Additional platforms may
have to be called 1u.

VIII-20
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TABLE VIII-X
MOST FREQUENTLY OCCURRING LTA PROFILES

TASK  TASK  TASK TASK TASK  TASK  TASK

I.D. 1 2 3 4 5 6 7

NUMBER (mi)  (mi)  (hr) (10000 nZmt) (hr) (1b) (nmi)  OCCURRENCES
2.1.11 50 200 10 TS 0 0 0 200
2.1.15 500 100 b 50 0 0 0 200
2,1.20 1000 0 8 15 0 0 0 300
2.2.11 500 200 8 100 2 0 0 200
7.1.1 50 0 0 1 0 0 0 2000
7.1.2 50 0 0 5 0 0 0 500
7.1.5 100 0 0 1 0 0 0 500
7.1.10 500 0 0 1 0 0 0 200
7.1.11 500 0 0 5 0] 0 0 1500
7.5.2 50 0 4 1 1 0 0 500
7.5.3 160 0 2 3 1 0 0 200
7.6.1 50 0 1 1 ¢ ) 25 1200
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TABLE VIII-XII
COMPARATIVE MISSION CAPABILITY

PROF ILE DURATION BY PLATFORM TYPE (HR)
NUMBER LTA HC-130 HH-3F MEC 210 HEC 378 MRS
2.1.11 38 18.0E 26.0 E 132.0 86.0 17.0 E
2.1.15 33 11.5 19.0 E 114.5 72.5 11.0E

. 2.1.20 43 20.0 E 31.0 E 87.0 57.0 20.0 E
2.2,11 57 7 X 35.5 E 203.0 E 96.0 X
7.1.1 2 1.0 1.5 4.5 2.5 1.0 ?

v 7.1.2 6 2.5 5.5 10.5 6.0 2,57
7.1.5 3 1.0 2.0 7.0 4.5 1.0 7
7.1.10 11 2.5 5.0 29.5 18.0 2.5 7

" 7.1.11 15 4.5 9.0 E 35.5 22.0 4.5 7
7.5.1 5 X 4.5 7.5 5.5 X

. 7.5.2 7 X 6.5 E 9.5 7.5 X

7.5.3 8 X 7.0 E 13.0 9.5 X

' 7.6.1 5.5 X X 8.0 6.0 X

X - Not capable of mission
] ? - Doubtful capability
E - Exceeds endurance of a slagle platfcrm

L]
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COST COMPARTISON

Because life cycle costing is not always calculated in a consistent manner,
the standard rate was used for cost comparison. Table VIII-XIII summarizes the
standard rates previously given in Chapter VII. The standard rate for the LTA
platform varies with crew size and fuel consumption. Based upon these esti-
wates, the cost of performing the 13 missions was calculated and is given in
Table VIII-XIV,

The cutters are always more expensive to operate than the ailrship. The
MRS, when capable, is less expensive to operate than the airship. In the five
SAR missions where the MRS and HC~-130 are suitable, they would not be able to
provide assistance if necessary without support from other platforms. In the
missions the HH-3F is capable of performing, it is always more expensive than
the airship.

In one-half of the six missions for which the HC-130 is capable, it can do
so at a lower cost than the airship. For two of the remaining missions it is
more expensive, and for one mission the costs are about the same. The HC-130
currently performs all six of the missions. The mission given by Profile 2.1.15
1s associated with the inspection of Ground Fishing off of Alaska. The 7.1
profiles are long range rescue operations.

FUEL CONSUMPTION COMPARISON

Airships are very efficient users of fuel. As opposed to aircraft, which

are completely dependent on dynamic lift, most of an airship's lift is provided ‘

by the bncyancy of the lifting gas. In that air is less dense than water, there

1s much less drag on an airship than on a ship.

Table VIII-XV compares the fuel consumption of the six platforms for the 13
mission profiles. The airship's consumptiosn is given in both gallons and pounds.

Gallons are the standard unit for ships and pounds are the standard unit for J

aircraft. The airship is assumed to use JP-4 which weight 6.51 pounds/gallon.

The MRS and the HE-3F use from one and one-half to three times as much fuel
as the airship on a given mission. The HC-130 uses from four to eight times as
murh fuel. In many cases, the cutters use over ten times as much fuel.

CONCLUSION

In this chapter we have shown that there is a high potential utilization of
airships in a diversity of Coast Guard missions. It is the ability of the
airship to capably perform the tasks that are required on many of the Coast
Guard missions that makes it an attractive platform.
occurring missions, standard rate costs are comparable to ailrcraft and cheaper
than cutters.

The emphasis of this analysis has been on the quantitative aspects of Coast
Guard operatiocns. The quality of an airship performing these tasks cannot
really be determined until a modern airship is built. It is expected that by
tae nature of an airship, which combines attractive capabilities of both air-
craft and ships, Coast Guard missions can be conducted very efficiently.
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TABLE VIII-XIII

STANDARD RATE FOR SELECTED COAST GUARD PLATFORMS

PLATFORM TYPE

STANDARD RAT % ($/HR)

0

LTA
HC-130B
HH-3F
MEC 210
HEC 378

MRS* (HU-25A)32

450 - 600

1,365.16
910.20
448.30

1,109.24

614.90

*Estimate also based on HU-16E operational

experience
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TABLE VIII-XIV
STANDARD RATE COST OF MISSIONS

PROFILE | COST BY PLATFORM TYPE (§1,000) 1
NUMBER LTA HC-130 HH-3F MEC 210 HEC 378 MRS*
i.1.11 22.8 E E 59.2 95.4 E
2.1.15 19.8 15.7 E 51.3 80.4 )
2.1.20 25.8 "E E 32.0 63.2 E
2.2.11 34,2 7 X E E 106.5 X
7.1.1 .9 1.3 1.4 2.0 2.8 .61 7
7.1.2 2.7 3.4 5.0 4.7 6.7 1.5 ? b
7.1.5 1.3 1.3 1.8 3.1 5.9 61 7
7.1.10 5.0 3.4 4.6 13.2 20 1.5 2
7.1.11 6.8 6.1 E 15.9 26,4 2.8 7 !
7.5.1 2.2 X 4.1 3.4 6.1 X
7.5.2 3.2 X o 4.3 8.3 X
7.5.3 3.6 X E 5.8 10.5 X
7.6.1 2.5 X X 3.6 6.7 A
X - Not capable of mission o

? - Doubtful capability

E - Exceeds endurance of a single platfora

* - taged upon HU-16E experience and reference [32]
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TABLFE VIII[-XV
FUEL CONSUMPTION FOR ITE!IZED MISSION PROFILES

(AIRCRAFT -~ POUNDS;

SHIPS - GALLONS)

! PROFILE LTA HC-130 HH-3F MEC 210 HFC 378 MRS
: *
‘ 2,1.11 pounds 11883 72000 E 22100 E 29750
i gallony 1825 21804 20567
|
! 2.1.15 pounds 10127 46000 16150 E 19260
R gallony 1556 19460 18138
2.1.20 poundy 13330 80000 £ 26350 E 35000
pallonsy 2048 14179 13384
2,2,11 pounds 18766 X 30175 E E
gallony 268€ 34262 E 23168
»
7oLl pounds 620 4800 1275 E 1750 7
gallons 95 790 650
7.2 ponudy 1860 12000 4875 4375
gillony 280 1842 1561
¥
7.L05 ponnda 930 4800 1700 ' 1750 7
gl lon: 143 1222 1171
7.1L.10 poundu 3410 12000 4250 4375 7
' yallous 524 5176 4682
]
7.1.11 poundy 4650 21600 7650 E 7875
) gillony 714 6229 5723
7.5.1 pounds 1550 X 3825 X
{ gallons 238 909 890
w |
7,5.2 ponds 2170 X 5525 Lk X
gnllong 333 c88 1049
7,53 pounds 2480 X 5950 E X
! gallons 381 1874 1930
{
7.6,1 pounds 1230 Z X X
} gnllong 189 1268 1380
X = Not capable of mission
{ T = Doubtful coapability
I, = exceads endurance
]
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As a conseqi 2nce of tlwe effort drscribed in the preceeding chapters the
following conclucions are presented:

1. Airships appear on the basis of this first order analysis to have

NADC-80149-60 f

CHADPTER IX
CONCLUSIONSTS 1

direct, cost-effective application to many maritime patrol needs.

By virtue of lov operational cost (fuel efficiency) and pleasant crew
enviromment (low sibratiun and ncise), airship maritime patrol systems merit
strong consideration.

2. Airships appear technically feasibille in maritime patrol roles.

The vehicle abllities necessary to performn che dutiles discussed in this
report have in almost all cases bea2u damonstraced by prior naval airship opera-

tion. One

] hover - appears iully achievable in the course of nurmal aifrcraft technology
development. It 1s important to also note that the size of vehicles Jdesigned to
perform the specified misslons fall well within the size class of past Navy non-
rigid airships.

3. Alrships are rot a panacea for dll requirements but they do pogsess
i unique capabilities.

ability which has not yet been demonstrcted - lielicopter-style

<a

" role

Larzem size - deterrent in "presence
Long endurauce - days and weeks

Wide speed band - slow f~: close observation tc 100 knots for
t pld transit

Fue! efficlent - hundreds not thousands of pounds of fuel per hour

No ncise into the water - for ASW and oceanograpnic roles d

Hover capable - for data gathering or boarding

Evezllent c¢rew ewirommeat - low roise, low vibratlon, low {
acceleration

Minlnal gvouna facility requirement - long runways not nacessary,
«nd hangars only €or assembly and major uverhaul

Brozd weather envelope - outstanding in low visibility conditions
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- Multi-mission capable - adaptable to many mission configuratons but
also able to do multiple tasks on sume missfon (e.g., search, hover,
board or retrieve, prirol, command and control, etc.)

- Stable platform - for communication, command, control in envirommental
protection role for example

-~ Very safe low altitude aircraft

4. Airships deserve specilal notice for energy efficlent operation,

While this feature 1is somewhat mission dependent, 1t appears over a
sampling of the most frequent CG missions to require:

]
50 percent of the fuel required for helicopters
20-50 percent of the fuel required for airplanes
15-16 percent of the fuel required for cutters )
]
i
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Based on the conclusions pregented in the preceding chaptoer, several recom-
mendations are described below:

1. LTA vehicle experdmental flight demonstrations ure recommended for
technlcal and operational valldatilon in performunce of maritime patrol missions,

The implementation of thig recommendution could take a variety of
paths. These are lisced in order of "most-for-your-money" praference accom-
panied by pertinent remarks.

4, Leouse for demongtratiou purpouses a modern tachnology airuhip
capable of performing modern maritime oparatilons.

Remarks., As of this date, no such vehicle exists. Severual firmy
in the commercial sactor (both U.8. and foreign) are presently making claims to
have guch vehdeles availuble in six wmonthe to thrue yaars.

b, Modify an existing airship to dnclude some modern techunology fea-
tures, lxamples might dnclude the addition of propulsion units which could
provide a measure of hover ability or a raecounfiguration to allow for the
deployment/ratrieval of an inflatuble board.

Ranarks. As of this date two filrms oparate vehleles which could be
consldered for this option, A two year program Lls cstimuted to achlove wult-
able vehicles.

¢, The tinal option would be to use an exigting alrghip - which con-
tains no modern tochnology - to perform gome curvent maritime misuions. It Lo
cutimated that a flight demonstration periosd of six monthy should be suffdicloent
to wxplore the operational potential for several intercested goverument agencles.

2, It s recommended that Coast Gungd requirements be determined for
logiscice and vperational factors (training, maintenance, basdng, utilization,
ete,) dn ldpght of the unique abdlitics of adrghips.

3. 1t 18 recommended that in-depth puint degien astudies of candidate
vehicley address issues guch as hover techulques, ground equipment definition,
vehicle fabrication methods, detailed vehidcle lay-oute and scaling effocts for
o_demonstration vehicle,

This analysis should be guided by a flight validation program (Recom=
mendation 1),

X-1
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INTRODUCTION

Of importance in discussion of the operational feasibility of airships 1is
consideration of the envirommental factors. There are four major weather
phenomena which affect the operations of air platforms. They are:

~ Visibility and Ceiling Height
- Precipatation (Ice or Snow)

~ Thunderstorms and Hurricanes
~ High Winds

The airship contemplated for Coast Guard operations will have the following
characteristics:

- 90+ kt speed

~ VTOL and hover capability

~ greater than 25 hour endurance

The combination of these characteristics reduces somewhat the influence of
envirommental factors on operatiouns.

The purpose of thils discussion is to examine the effects of the four item-
ized weather conditions on the operations of a conceptual Coast Guard airship
design and tc compare them to the operations of heavier-than-air craft under
similar conditions. Svmoncic weather data (reference [A-1]) for 15 coastal aveas
consistent with Coast Guard operating areas has been compiled and is presented
in Table a-I. This table will be referenced frequentlv for comparisons of

airship operationa) limitations to overational limitations of other Coast Guard
nlatforms.

VISIBILITY AND CEILING

Of the four weather conditions considered, an airship probably offers the
greatest operational advantage for conditions of poor visibility and low ceilings.
These conditicns impact on both ground operations and flight operations. The
minimum acceptable sight distance is a function of the minimum cverating speed
of the platform. A VTOL airship can operate at zero velocity and, therefore,
could operate in a situation of essentially zero visibility. A major considera-
tion in takeofts and landings is the ability to determine the clearance over
obstacles. A true VIOL platform does not have to worrv about obstacles cnce it

has identified its landing area, assuming that adequate instrument landing
equipment is available.

Takeoff restrictions on current Coast Guard aircraft are dependent on
whether there is an alternate place to land. For alrship operations, this
requirement should be much less restrictive. Because of its long endurance
ability an airshion, if 1t is ever in a si.‘ration where it is incapable of
landirz because of weather conditions, can either "wait out" the weather or
transit considerable distances to other landing areas.

A-3
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The prescribed weather minimums for Coast Guard alrcraft are given in
raference [A-2] and are reproduced in Figure A-l. 1In Table A-I, two columnes
are given for visgibility/ceiling restrictious. The first column gives the
annual percentage of the time that the celling is less than 300 feet and visi-
bility is less than one-half mile. The wvecond column is the annual percentage
of the time the ceiling 1is less than 157 feet aud the visibility less than 50
yurde,

Tuble A=1 shows that in Adak and Arzentia, operations can be significantly
tnpacted by poor vigibility/ceilings. VFor both of these areas Coast Guard
oberations are predomlinantly seagonal. The Argentia area 1s important for
Maring Sclunce Activities (MSA), primarily during the months of March through
July., In Table A-11 the visibility conditions and wind conditions for Argentia
are Lsted tfor each month' of the year., The visibility/ceiling is generally much
povrar durdng the operations! wmonths with poor visibility conditions occuring
over 35 parcent of the time fur the month of June. This poor visibility has a
signdldcant fmpact on current MSA operations. In Adak there is also a strong
seasonal dapendence on vislbility/ceiling conditions. Also, the greatest Coast
ward oparational requirement 1s in the spring and summer mcnths. The Enforce-
mant of Laws aud Treaties (KLT) requirements are greatest in the months of April
through July. It will be woted in Table A-IIT that for Adak, the visibiliity/
callluy 14 poor over 285 percent of the time for the month of July,

Poor viedbllity/cedlings will not only preclude heavier-than-alr craft
oparatdong by praventing tokeofts and lundings but will interfere with mission
opavatdons,  Tn most smarch and survelllance operations, a great deal of re-
Tiance 1y placed on visual observations. This 1s true of ship operatlons as
wall aw aly oporations, Under poor visibility/ceiling conditions, airships
ol fer advantages ovar current Coast Guurd shipy or ailr platforms. Adrships can
manauver at slow apoeadg sfmilar to ships, allowing them tu operate closer to the
wilar.  Gurrant MSA operations require HC-130 alrcraft to operate at 500 ft. in
an leepary auviromment,  When vigdbility 1is poor, these operations become very
hazavdoun,  Alrshdpy, beesuse of thedr much lower speed, can perform these
operatloas with watety,

Wich greater roliance on electronle gensors, such as $ide Looking Alrborne
Radar (SLAR) and Low Light Level 1V (LL1V), the advantages ol in airborne plat-
form incruase, A greotoer sll-weathor capability is } svided by these sensors to
the afrborne platforms as compared to sea-guing nlatforms. Yet the control-
tablltity of tho airghlp allows 1t to make close~in visual observations.

PRECTPATAT LGN (TC1 OR_SNOW)

Leo and snow also intertere with heavier-than-air flight operations. The
Coant Guard's fixed-wing alrcruft lave leading edge aud intake de-icers and,
therefore, are not pgreatly restricted. FBelilcopters, however, do not have de-
fcors and Led accumylation on the rotors presents a significant hacard.

Because of Lts large surface area and low sgpeed, one would expect airships
to be vuloerable to ice and snow accumulation. However, in the U.S. Navy's




P oder )

ouang

-

The following minimums apply to IF}{M(?
partures, Training flights and fiights with a first
pilet in command shall follow the criteria of
subpuragraph 3752.

3751 With Departure Alternate. Visibility
must be one-fourth statute mile or RVK 16
(RVR 12 for helicopters) and departure proce-
j dures specified in the IFR Takeoff Minimums
und Departure Procedures section of the appro-
priate approach chart VOLUME or MAN
complied with. Departure alternates are se-
lected as follows:

{a) Aircraft must be zapable of maintaining
MEA to the alternate (less jettisonables)
if an engine fails.

(b) \Veather at a departure alternate within
30 miautes flying time (based upon one
engine inoperative configuration) must be
at or better than approach minimums
(ceiling and visibility) at takeoff time and
forecast to remain so for 1 hour,

(c) Weather at a departure alternate within 1
hour flying time for helicopters and two-
engine aircraft, or within 2 hours flying
time for four-engine aircraft (based upon
one cngine inoperative configuration)
must have at least 2n 800-foot ceiling
and 2 miles visibility for non-precision
approach: 2 600-foot ceiling and 2 miles
visibility for precision approach and fore-
cast to remain so for | hour after ETA
at alternate, :

3752 Without Departure Alternate. Weaiher
taust be at or batter than the takeofl minimums
(ceiling and visibility) for the airpost, when
published. (Takeoff minimums are established
for certain airporcs to cnsure obstruction clear-
ance during climb to MEA. Tabulation of these
minimums can be found in the front of the
DOD FLIP Terminal Low Altitude Publica-
tions.) If specific takeoff minimums are not
published, the visibility mwust be one statuie
mile or RVR 50 for reciprocating engine, fixed-
wing aircraft, with two engines or less; or ove-
half statute mile or RVR 24 for other fixed-
wing uircraft and helicopters.

3753 Exception. When the immediate urgency
of the mission dictates, the commanding officer
of the parent unit or the aircraft commander on
detauched duty or at a remote location, may

C-80149-60

\U.:.v:\a.\-luulull iU L Ve BaTead W CAUpiIse vas
pubilitizs, alternate field avuilability, and the
circumstances justifying the urgent requirement.

3760 Instrument Approaches

3761 Instrument approaches will be made
only to air fucilities for which there is an ap-
proved instrument approuch procedure,

3762 Approack and Landing Minimums. ]
Approach procedures approved by either the

FAA or DOD will apply. An approach may be

sturted and flown to minimums when the re.

ported weather is below minimums; however,

the pilot will not descend below published

MDA/DH, or land, unless he can (1) comply }
with FAR 91.117 or (2) proceed with a contuct

approuch.

3763 Helicopter Approach Minimums :
(a) Helicopters may utilize the category A !
MDA or DH regardless of weight.

() Helicoplers may circle (o land at the
straight-in MDA or DH as long as they
can accomplish the man=uver within 500
feet of the runway centerline and remain
within the airport boundaries.

3764 Alternate Afrport Minimums. Published
altcrnul.c airport sainimums appiy. (IFR alter-
nate minimums can oe feund in the front of the
DOD FLIP Terminal Low AlMitude Publica-

tions.) In the absence of published aliernate
minimums, either because the published mini-
mums do rot exist or because the inforriation
is not readily available, the following criteria
shall apply:

(3) The forecast weather at alternatc airport,
for the period beginning | hour before
until | hour after alternate ETA, must be
at least an 800-foot ceiling and 2 miles
visibjlity for airporis served by a non-
precision approach; and a 600-foot ceil-
ing and 2 miles visibility for airports

* served by a precision approach.

(b) In no case shall an alternate be selected
with forecast weather below circling
minimums.

Flgure A-1. Extsting Flight Regulations.
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experience, no alrghip was ever lost or damaged in the air due to snow or ice.
This includes winter operations during World War II as well as AEW operationu in
the late 1950's and early 1960's. Accretion of ice and snow on the envelope of
the airship does not occur to the point of endangering safety of flight.
Hazardous accumulation can normally be prevented by altitude changes during
operations; or, on some vecaslons, the envelope pressure can be reduced which
induces flexure which mechanically de-ices the envelope.

In the mid~1950's the Navy specifically investigated thka capability of
alrships to operate in icing conditions. An uirship was instrumented with
aquipmert to measure ice and snow accretion and purposely flown into icing
weather, The successful Yesults of this experimental projected are documented
in reference [A-3].

The greatest danger of ice and wet snow can occur when the alrship is on
the ground. This problem can be overcome through mechanical sweeping of the
envalope, The primative method of throwing a rope over the envelope and walking
it the length of the airship hay proven effective In preventing excessive accumu-
lation, More gophisticated methods such aeg heating the guas could easily be
enployed,

The VIOL capability of the airship eliminates the expensive and time con-
suming chore of snow plowing and salting runways.

THUNDERSTORMS AND HURRICANES

Thunderstormu are the nemesis of all aireraft and are avoided If at all
pogsihle. This caun be accomplished by wailting out, or either flying over or
around the storms., The ultitude capability of the HU-25 (MRS) permits it to fly
over moderate thunderstorms. When penetration is necessery it is usually done
at the lowest posslble altitude consistent with safe operations. Safest pene-
tration is usually between 4,000 and 6,000 feet.

Again, the long endurance of the airship provides it a large margin of
safety when facing o thunderstorm situtation. Isolated thunderstorms can
usually be aveided by flying around them. 1In a squall line, it ig best to go
around the line, or if this is not possible, to pick the least severe point for
penetration. Previous airships with their low maximum speeds were more suscep-
tible to encounters with thundevstorms. The conceptual Coast Guard airship
designs with a 907 knot speed capatility give greater capability to avoid
thunderstorms.

Mmurricanes are a severe hazard to all aircraft. These are, however, rela-
tively rare meteorological phenowena, and there is usually a great deal of
advanced warning. Since this study assumes that there will not be hangars at
the airship bases, airships at the mast would be vulnerable to hurricane force
winds. With advanced warning, the airships can be flown to an alternate base or
remain in the air at a gafe distance from the storm.
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HIGH WINDS

Of ali of the itemized weather conditions, high winds probably have the
greategt dmpact on ailrship operations as compared to other alreraft. High winds
impact on airships both while in fiight and during ground operations, Because
of 1ts relatively low speed, an airship's flight operations are affected by high
winds. Likewise, because of its large traverse profile, high winds can inter-
fere with ground operations,

Alrships, because of aerodynamic factors (i.e., virtual mass), have a
greater Iinertial mass thun their gravitationsl mass (reference [A-4]). Because
of their lower spead compared to heavier-than-air craft, high winds will have o
greater dmpact on the slower moving airship. 1In a previons analysis (reference
[A=5]) the effective groutd speed of an ailrship traveling into the wind and
veturning with a tail wind way analysed. The effective ground speed for this
round c¢rip was derived as

2
Vev(l—%)v
where
V.~ vhe effective ground speed
V™ w» the airship speed, and
W w the wind speed.

This turns out to be the worst case. For the generul case, where the wind 1s at
an angle € to the direction of the flight, the effective ground upeed is:

wZ
Vo = (l-;}—z— \'}

2
/ 1 - ¥ sin?e
/\ V2

For flights perpendicular to the wind (crosswind), which 1is the best case, the
effective velocity is:

2
V-/l-—y— v
e v2
A\

Ve
Figure A-2 shows the ™y (defined as %g in the figure) as a function of the ratio
of wind to airship velocity for both head/tail wind, and cross wind cases.

A-10
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v We o . .
e =1 - ) for head and tail wind
v

—————

\ 2

e w - fer cross winds
e v2
v

It cau be seen from this figure that the difference botween (hase two cases
ls most uwigunificant as the wind speed approuchas the ailrghip gspeed. When the
wind speed is one-half the airship speed, for the croass wind case, the average
round trip ground speed 1s almost 90 peccent of the airghlp speed but for thn
hoad/tail wind case it g 75 percent. For a 90 kt airship the wind speed must
be almost 45 ktg belore there iy » 10 percent logs of aeffactive gpeed In cross
wind condiltions. From Table A-T, Synoptic Weather Data, it 1s seen that a 45
knotwind 1s a rare occurrence at lower altitudes.

Table A-1V ghows the effect of the average wind speed for cross wiad and
head/tall wind on airship performance for coustal areas consistent with Coast
Guurd operations., Adrshily speeds of 50, 60, and Y0 kis are considervd. ‘ihe 50
to 60 kt range ls the cruising speed range for conceptual Coust Guard sairship
degdgre and the 90 kt spead 18 the muximum operating spzed for thig airship.
Baned upon the amauu) meun wind velocities at the surface for all of these
locations there is luss than a 10 percent loss of efrective gpeed in all cases
for the 50 kt npeed and a 2 to 3 percent lovs of effective gpeed fur the 90 kt
cuge.

Table A~[V {s based upon mean annual wind speeds at ground level. With
increaging altitude rne mean gpeeds will increuse. There are also slgnificant
moathly and diurngl varviaticns for most locations., However, the predominant
(cast Guard application for airships 1s area search. J3ince the predominant
conslderatiou in area search cperations 1is that a specified area be covered, the
divection of search is usually not significant. In practice the airships’
opervations can be tallored to take advantage of the prevailing wind coundition.
If there 1y 4 strong head wind, searches can be conducted in a parallel bzck and
forsh crosswind divertion. 1If there 1is a strong diurnal variotion where there
ave offshove winds at the beginninpg of the operacion and orshore winds at the
end, the airship can take advantage of tuillwinds in botn directions.

The jmpact of high winds on the effective speed of airships will probably
pe most significant in Search and Rescre operations (SAR) where there is much
less latitude in operattons. However, the ccnceptual airships' speed of 90 kts
is net significantly differert from that of heliccpcers. The long endurance,
stability, lower vibration levels, and range of the alrships should more than
compensate for differences in ef{ective speed due to wind for many of the SAR
operations currently employing helicopters.

A-11
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Increasing wind speed with altitude 1s not expected to severely impact
airship effectiveness., Figure A-3 (takea from refevence [A~5]) shows that for
altitudes of 4,782 tt. and less, the 90th perceniile wind speed never exceeds 50
kts for the gpecified locations. The design altitude for the conceptual airship
is 5,000 ft. For wmost locations the 90th percentile for 1,773 ft. is signifi-
cautly lower for all seasons., If higher altitude winds are much greater the
airship can operate at lower aluitudes with little loss of performance. 'Table
A-V provides analysis of airship effectivencss at low altitudes (approximately
1,800 ft.) for selected areas in crosswind conditions and head/tall wind condi-
tlons. We again find little loss of performance, especilally f{or crosswind
operations.

High winds will also impact on the ground operations of an aivship. Tradi-
tional airships required dynamic runway takeofis and large ground crews to
maneuver from mast or hangar to the runway. High winds made ground operations
hazardous if not impoysible. Hangaring an airship in a high crosswind is an
extremely difficult job,

With a VTOL~-capable airship most of the ground handling crew cau be elimin-
_ ated, Since this study assumes that there are no hangars at the airship bases,
hangaring is not a major concern. The exact nsture of ground handling of a VIOL
alrship cannot be determined intil experilence with a prototype has been obtailned.
However, based upon experience with traditional ailrships, ground operations
should not be hampered in wilinds of less than 30 to 40 kts. It 1s expected that
for u VIOL airsbip, ground operations should be possible in winds up to 60 kts,

. For the sake of analys’s, based upon the avallable data base, data for
winds of greater than 33 kts and 41 kts for areas of interest have bheen compiled
in Tables A~I, A-IL, and A-III. From Table A-I we see that the frequency of

> occurrence, on an annual basis. of winds greater than 33 kts is less than 6

i percent for all locations und less than 2 percent for 41 kte winds. Assuming

; that 33 kt winds preclude operations because of ground handling problems, we see

that for all locations, except Cape Hatteras, the wind restricti ns on airship

operations are less severe than the visibility restrictivas oa heavier-than-air
craft operations. From Tables A-II and A-IIT we see that for Argentia and Adak,
respectively, for the montlis of interest (spring and summer), the wind condi-
tions are most favorable while the visibility 1s the poorest.

SUMMARY

All aircraft are affected by extremes iIn envircament; ailrchips are no
exception. Under some conditions they are less severely affected than heavier-
than~air craft; under other conditions they are more affected. DBecause of thelr
low speed controllability, they are less susceptible to pour visibility and low
ceilings. The airships' long endurance and range provides safety margins for
avoiding severe storms. Icing and snow have traditionally not been a problem
during flight operations, but can create problems when the airship is at the
mast. High winds have probably the greatest effect on airship operations. They
will decrease the effectiveness of flight operatlons and interfere with ground
operations.,
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Flight «perations of a 90 kt airehip should not be significartly impacted
by high winds for the operating areas and conditions of interest. Without
operating experience it is difficult to judge the effect of high winds on ground
handling requirements of a VTOL airship. Using a conservative estimate that
winds of greater than 33 kts will prevent ground handling operations, we find
that the frequency of occurrence of winds of greater than 33 kts is less than
the frequency of poor visibility/ceiling which will impact on heavier-than-air
operations for all locations of interest, except for Cape Hatteras.

Even when considering ship operations significant envirommental factors
affect operaticns. In Table A-I the frequency of occurrence of eight foot or
greater seas is much greater than the frequency of occurrence of high winds.
There is a high correlation between wind speed and sea state. When adverse
conditions exist in one medium they usuzlly are adverse in the other. While at-
sea operations may not be terminsted due to high seas, the efficiency of sea-
going platforms i1+ performing their mission is degraded. Figure A-4 (reference
{A~6]) shows the degradation of ship speed as a function of significant wave
height. For a destroyer escort (DE), which should be comparable tc a MEC/HEC,
we find for 10 ft. seas there is a 20 percent loss of speed.

CONCLUSIONS

In conclusion we find that airships offer superior performance to heavier-
than-air craft in bad visibility/ceiling conditions, and that performance is
comparable to propeller driven and rotary wing aircraft in thunderstorms.
Airship flight operations are not affected by snow or ice >t require snow
removal from the envelope when masted. FHigh winds do impact operations, both in
the air and on the ground, However, the occurrence of high wind conditions is
less than the occurrence of poor visibility (which impacts on heavier-than=-air
craft operations) or high seas (which impact on ship operationg).

In reference [A-7], 24 mounths of airship operations of the airship Early
Warning Squadron-l1 (ZW-1) are documented. These operations were conducted
during the period of early 1957 through June of 1959. 'The airships were based
at Lakehlurst, New Jersey, with operations conducted 180 mmi southeast of Lake-
turst. During this period there was one hurricane (Carrie, September 1957) and
a severe winter that included a record smow storm that closed -he runway for
five days. Yet, despite these adverse condftions, no operations were lost due
to the hurricane, and excepc for the period in which the runway was closed, the
flight schedule goals of 288 sensor hours on stations per month were met. Most
flights were greater than 24 hours duration with the premature termination of
flights usually due to equipment failures (normally mission oriented electronic
equipment). A VTIOL-capable airship would not have lost the five days of opera-
tion due to snow on the runway.

An additional subctantiation of airship all-weather flight experience is
contained in a quotation by the Assistant Secretary of the Navy for Air in
January 1957:

"On the l4th of January -- 11 days ago — we placed one of
our latest airships —— a ZPG — on patrol in the North Atlantic,
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about 200 miles off the Eagt Coast. Twenty-four hours later a sister
ship reldeved her on gtatdon. Thig turn-over was repeated at long
intarvala,  The wetch was madntained continuously through some of the
woral weather the Esuyt Coast has experlenced in 35 years. These air-
ships flew through wxtremes of snow, freezing rain, winds of 6C miles
pur hour, and extreme turbulence -~ conditions which at times kept
! all planes grounded. Ona airship flaw in lcing conditions for 32
{ lwury on a 40 hour flipht., Another was airborne for over 56 hours.
A 9120 this wornding the last flight landed at NAS South Weymouth,
Masnachugetts, succosgfully completing an all weather evaluaticn which
provided u ¢oncinuous airborue alert of over ten days."
REVERENU IS \
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This discussion presents values and assumptions used in the Maritime Patrol
Airship Study for radar sweep~rate. The analysis is based upon the HU-25 (MRS)
equipment performance specified in reference [B-1]. The assumptions made and
final choice of parameters are consistant with reference [B-2].

It was assumed that for search for surface vessels the APS-127 Forward-
Looking Radar will be used. V¥or detection of pollution the APS-94 Side-Looking
Radar will be used. The performance curves for these radars arc taken from
reference [B~1] and are given in Figures B-1 aud B-2 respectively.

The performance curves given in Figure B-1 is a .5 probability of detection
on a single scan. Reference B-1 assumes, due to multiple scans on the same
target, that for the MRS this is equivalent to a .9 probability of detection.

In reference [B-2] it is absumed that, since an airship sweeps at a lower speed
than the MRS (approximately 50 kts versus approximately 250 kts) it will have
more opportunities to detect and, therefore, can detect a large target at a 20
percent greater range than the MRS. For a small target an airship is assumed to
have a 50 percent greater detectlion range.

Since the APS-127 has a 120° sector scan, a 60 nmi sweep width equivalent
to a 30 mmi lateral range, requires an approximate detection range of 35 mmi
(reference [B-3]). Using the 20 percent enhancement factor (reference [B-2]), a
29 mmi detection range is recuilred. From Figure B-1l, this is equivalent to the
detection range for a 150 M? target reflectivity or a 175 foot steel boat. To
obtain a 35 mmi horizon an approximate altitude of 850 feet is required and a 2°
depression of the radar.

From Figure B-1 it is seen that the radar 1s sea state limited for Sea
State 3 at approximately 25 M2 target reflectivity which is equivalent to a 80'
wood boat. This corresponds to a 20 mmi detection range. Correcting for geome-
try and the 50 percent enhancement factor this equates to an approximate 50 nmi
sweep width.

For oil slicks, bazed upon the performance of the APS-94 radar given in
Tigure B-2 (reference [B-1]) the 50 percent enhancement factor and the Sea State
1imit, an approximate 30 mmi sweep width can be expected.

These results can be summarized as follows:

Target Sweep Width Target Reflectivity
Large Target 60 nmi 150 M2
Small Target 50 nmi 25 M? (Sea State 3 limit)
0il Slick 30 nmi 20 M2 (Sea State 3 limit)

REFERENCES

B-1 U.S. Coast Guard MRS Sensor System Cost Benefits, CG-D-105-76, Naval
Air Development Center, K. T. McQueen and J. A. Monastra, October, 1976.
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B~2 Assessment of Selected Lighter-Than-Air Vehicles for Mission Tasks of
the D.4. Coaet Guard, CG-D-39-78, R, E. Beatty, Jr., and R. D. Linnel,
Center for Naval Analyses, May, 1978. 1

B-3 AN/APS-127 Airborne Radar System Evaluation, 0. Kessler and S. R. Swyers,
Naval Air Development Center Report NADC-77283-20, Septembsr, 1977.
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NAPSAP was developed for general in-house use in sizing airships via a
parametric approach and in couducting missions based on predicted performance
and mission requirements (reference [C-1]). NAPSAP irs the result of four basic
objectives in generating a useful analytical tocol. These were: (1) the program
must be easy to use and require an absolute minimum of input data; (2) the
program must provide easy parametric analysis of the influence of all major
design and performance variables: (3) the program must be capable of evaluating
vehicle performance capability over the ccmplex mission profiles and (4) the
orugram architecture must be capable of easy modification for future add-on
program sectiomns.

The program has been designed to operzie cun & minimum of iaput data (only
five cards are necessary), but has the capability to evaluate the influence of
over 40 kecy perameters. NAPSAP provides easy perametric analysis for several
optional levels of devaill. Once the design section of NAPSAP converges on a
vehicle which meets the input requirements, this vehicle car then be evaluatea
against a specified mission profile with all key parameters monitored at pre-
selected time intervals.

PROGPAM APPLICATION OVERVIEW

There are twec major applications of the current NAPSAP program. The first
("Baslc Casa") allows a vahicle to bte gized in terms of a simplified set of
input data and its performaince to be evaluated in terms of nayload as a tunction
of range at: the input design speed. The sgesond major application allows the
performance of the "Basic Case'" vehicle to be evaluated over multi-segment
mission profiles. Several options may be exerciged for parametric analyses and
sensitivity studies of these two hasic program applications.

NAPSAP curvently can analvze two types of LTA vehicles: vixld airships of
conventional, Zeppelin-type construction (e.g., wire braced main frames, longi-
tudinal girders with cruciform empennage);, and non-rigid airships siwilar to the
type most recently operated by the 71.S. Navy (see reference [C-2]). Either type
of vehicle can be analyzed at a range of gross weights, including those greater
than the total static 1ift (i.e., in a "heavy" condiiion).

The propulsion system may be sized for either a conventlonal take off using
a ground run to develop aevodynamic 1lift or for vertical take off at maximum
gross weight. Three types of eagines may be utilized: gas turbines,; diesels,
or spark ignition reciprocating engines ("recip's'). Xotcrs or propellers may
be analyzed on a point design basis by utilizing dedicated subroutines.

BASIC PROGRAM OVERVIEW

The basis NAPSAP program methodolngy is illustrated in the top level flow
chart of Figure C-1l.

Input data is read in and program initilizations are performed. The Basic
Case vehicle evaluation requires only five input data cards. Vehicle input
characteristics are used to size the vehicle and determine its overall rhysical

c-3
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INITIALIZATIONS
Reference Data
Input Data
fpeion Controls

!

ATMOSPHERIC CHARACTERISTICS
Design Altitude
Pressure Altitude

.| VEBICLE SIZING & GEOMETRY ]
Length, Diameter, Volunme
Fin Characteristics

Static Lift, Gross Weight

AERODYNAMIC CHARACTERISTICS
Hull Drag
Component Drag Buildeup
Total Vehiale Cpn, Cp, Cpi

)
PROPULSION SYSTEM SIZING
Turbines, Diesels, Recip's
HP Recquired for Cruise
H? Required for VIOL
Propulsion Sysvem Performance

1
TOTAL VEHICLE WEIGHTS
Structure
Propulsion
Syscams
Empty Weight, Useful Load

GENERALI”ED VEHICLE PEREFCRMANCE
Payload vs Range
Fuel Rate vs Heavinesc
Ferry Range

PROGRAM OPTIONS
Senusitivity Studies
Mission Profila
Paranetr.c Design Variable
Reducwd Spwea Performancse

PROGRIM OUTPUT
Suwomary
Qetajled Results

Figure C-1. Basic NAPSAP Program
Top Level Flow Chart.
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and geometric characteristics. Vehicle sizing is based on an input value of
volume or gross weight, and static 1ift to gross weight ratio (Beta), length to
diameter ratio, prismatic coefficient, design aititude, and unit 1lift of the
lifting yas at sea level standard conditionms.

The aerodynamic characteristics are calculated for zero angle of attack and

the angle of attack required for cruise at maximum gross weight. Total vehicle

] drag coefficient at zerv angle of attack 1s estimated on a simplified component
build up approach based on drag breakdown of prior Navy non-rigid airships.
Induced drag is based on the expression used by previous Navy airship design
methods. The drag at the input design conditions (grogs weight, speed, and
altitude) 1is used to determine the horsepower required for ccuise. If vertical
take off (VIN) 1is required, the horsepower requirements for VTO at maximum gross

3 weight are also calculated. The largest required horsepower sizes the propul-
sion system,

All propulsion calculations are based on 'rubberized" engines and conven-
tional propellers or rotors which are tilted for vertical take off, landing. and
hover. Propellers are sized by an approximation of Hamilton Stardard propeller

t performance (reference [C-3]). Propeller efficiency as a function of velocity
is based on the data presented in references [C-4] and [C-5] (separate sub-
routines have been developed for detailed point design analysis of rotors and
propellers). Bare engine weight per horsepower and specific frel consumption
(SFC) as a functon of horsepower are based on the data of reference [C-6). Fuel
consumption for each engine cycle is corrected for ajrspeed, altitude, and

i throttle effects based on the data presented in referenzes [C-6] and [C-7].

. Nent, the vehicle weight characteristics are calculated. These include the
non-propulsive structure weight, the total propulsion system weight; the vehicle
systems weight, the total vehicle empty weight, and useful load.

Non-rigid airship weights are estimated by simplified weight estimating
relationships (WER'e) developed from an analysis of previous Navy welght reports
and recent studies (references [C-4] and [C-8]). Rigid airship structural
weight 1s based on the WER's utilized in the NASA Ames Research Center version
of the Boeing CASCOMP (reference [C-9]) vrogram. Advanced state-of-the-art
materials effects can be applied to the rigid airship WER's using the results
presented in reference [C-5] study {Appendix A). Propulsion system weights are
tased on ihe data of references [C-5], [C-9], [C-10], and [C-11]. System weights
are based on a combination of prior vehicle actuals and generalized WER's from
reference [C-8]. The subsystem weights are summed to obtain the total vehicle
empty weight, and the useful load is calculated.

The "generalized perforuwance" is calculated for the vehicle sized above.

{ This calculation consists of calculating the paylcad as a function of range for
the venicle flying at input (design) airspeed and altitude. Once neutral buoy-
ancy 1s reached, the remainder of evaluation assumes zero angle of attack
flight. Calculations proceed to the point where the total vehicle useful load
has been consumed as¢ fuel and fuel reserves.
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The program calculations may be terminated at this point or any of the
several program options may be exercised. These options include evaluation of f
the vehicies missicn profile performance, sensitivity studies via a perturbation
factor option, paramestric studles via the change design variable option, or
evaluation of the basic vehicle generalized performance at cruise speeds below
the design speed. These options are illustrated in Figure C-2.

MISSION PROFILE SUBROUTINE OVERVIEW 1

The mission profile subroutine (MISPFL) may have up to 100 segments, each
defined by a set of performance characteristics which may include the following:
airspeed. altitude, duration, range, expendables rate, auxiliary power require-
ments, tcw drag, fuel weight to be picked up, and payload to be picked up or off
loaded. A simplified overview of the mission profile subroutine is presented in
Figure C-3. MISPFL currently has the capability to evaluate vehicle performance ’
for five different types of segments: (1) cruise for a fixed range; (2) cruise
for a fixed duration; (3) hover for a fixed duration; (4) pick up or off load
payload; and (5) refuel,

The mission profile subroutine calculates the following variables on a per
segment and cumulative basis over “he total mission: mnission time, range, fuel ¥
consumed, fuel reserves, time on station, expendables weight, weight consumed
for auxiliary power generation, ballast required, change in heaviness on the
segment, and weight transfered on the segment. In addition, the program stores
for output the initial and final values of each of thie following variables on
each segment: static 1lift to gross weight ratio (Beta), heaviness in pounds,
number cof engines required, throttle setting per engine, fuel rate, total horse- ]
puwer required, and ballast. A graphic output routine is under development
which will allow anv of the above variables to be plotted as a function of
mission time, range flown, or by mission ‘segment number.

The evaluation of a vehicle's capability to satisfy the input mission
orofile is analyzed in a 'rubberized" fashion; i.e., the vehicle never runs out
of fuel. The MISPFL subroutine "flys" the vehicle over the laput mission pro-
file and keeps track of the total consumables weight (TOTDWT) required to satis-
fy the mission. TOTDWT is the main control variable in the mission profile
evaluation and any iterations through MISPFL comnanded by the main NAPSAP control
program. This parameter 1i1s the sum of all fual consumed, fuel reserves, expen- 4
dables weight, weight consumed for auxiliary power generation, any payload off
loaded minus any fuel picked up during the mission profile.

TOTDWT may be greater than cr less than the total vehicle useful load. The
value of TOTDWT is used to determine the actual payload tor the input vehicle
and .o estimate the vehicle performance capability. Two different estimates are
made based on the rubberized mission profiie evaluation: (1) the actual vzhicle
volume required to satisfy the input mission profile, and (2) the time on sta-
tion that the input vehicle could achieve at the gpecified raange to stacion if
each mission segment duration were scaled upward or downward. These performance
estimates are useful in determining the performance capability of a vehicle '
sized for one mission ir other mission applicationms.
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DATA TRANSFER (NAPSAP MAIN)
Vehicle Characteristics
Geometry
Asrodynamics
Propulsion
Weights

1

MISSTON PROFILE CHARACTERISTICS
Contrel Data
Segment Lata

i
MISSION PROFILE CONTROL
?=-Jegment Type=?

f——e Cruise fOr Input Range e
leee Cruise for Inout Time |-
| e HOver for Input Time |—e
Le—ees Payload Transfer ==
L e Rafuel J

{*}znroamancz ACCOUNTING

Incremental Segmant Data
Cumulative Data

Yos

Segnients

PIJAL MISSION PROFILE RESULTS
Transit Fuel
TOTDWT
‘fotal Refueling Weight
Maximum Ballast

=2

[TRETURN TO NAPSAP MAIN PROGRAM |

Figure C~3, Mission Profiie Subroutine
Top Level Flow Chart.
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MISSION PROFILE VEHICLE RESIZING OPTION

One of the important features of tha NAPCAP program is the capability to
perform multiple iterations through the basilc sizing program and the mission
profile subroutine to determine the vehicle volume required to "evactiy" satlsfy
an input mission profile (Figure ©-2). 7The parameter TOTDWL 1s usged as the
control variable to determine whether the vehicle volume required is lavger orv
smaller than the input vehicle. A new hull volume 1ls defined and the entire
sizing and performance re-evaluated until vehicle gize exactly matchey the
mission profile requ. -ewents.

OTHER PROGRAM OPTIONS

The perturbation factor (KF(i)) optdon can be exercised with any othor
program option (see Figure C-2)., This feature allows scrgitivity studies to ba
made of the effects of geveral key design or performance variables. Thase
include: induced drag, total drag, propulsion efficlency, total propulsion
weight, envelope weight, car weight, total non~propulsive welpglt, and aundliary
gear weight. Growth for additional variables hag been provided,

The pavametric design variable optioa allows any one ot mora of the {ol-
lowing input variables to be changed with a single luput card: hull volume,
zross welght, Beta, design speed, design altitude, number of suglnos, and hall
fineness ratic. Tl change i1s made to the basie case 1nput data and the anclre
program is verun. ptlultiple cases may be run with the slngle Input card,

The 01 f-Design Sveed option allows the gencralized parformance of a vehlelu
sized for the input design speed to be evaluated av lower alrsveeds.

OTHER PROGRAM CAPABILITIES AND SAMPLE RUSULTS

NAPSAP can analyze three different types of propululon gystems; gnn
turbines, diesels, and svark ilgnition recilprocating englnes.  Kach euplnoe tyne
has its own characteristics in terms of performance varilatious with alrapoud,
altitude, and specific fuel consumption varifatlon with throttvle settlng, ALL of
these factors are fmportant 1n complex wission protiles wherce much time Ly spent
at low gpeeds.

EFFECTS OF HEAVINESS

The vehicle volume sensitivity to take off heavinest (Bata) can he ana-
lyzed., The "optimum" Beta 18 a strongly misslon dependent varlableg, Mlsulona
which have the majority of time at ligh speeds will tend to 'optimfze" at low
Betas, Missions which have large percentaged of time at Low speed or hover tend
to op:imize at higher Betas, depending on the range to station (hence, fuol
consumed in transit).

SUMMARY AND CONCLUSTIONS

The Naval Airship Program fcr Sizing and Performance, NAPSAP, huaa bean
developed tn assist the U.S, Navy's LTA Project Office at the Naval Alr Develop-
ment Cenfter in their continued analysis of the technical and operatiomal
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fuasibi ity of wodarn LTA vehicles, NAPSAP can perform preliminary design and
paramett Le performance analysis of rigid or non-rigid LTA vehicles in conven-
tiounl take off or VIOL operations with various types of propulsion. Program
capiblilities 1uclude the following:

1o Polnt desgn vobdele sizdug and performance ovaluation at constant
spead aud altdrude,

2y Varformanee evaluation of the Point Design vehicle at speeds below the
detlgi opeed,

1o Paramatede analyuwds of a4 Poinl Dewsign vehilcle sizing and performance as
a functlon of thae pavturbation of key dasign or vperational purameters.

4 Purtormanes evaluation of a Polot Deslgn vahicle over complex mission
protvbled of up to 100 wegments,  Heguants may consilst of crulse, hover, payload
plek up o off load, aud rafualiug, aud may include the effaects of wmission
dupendant wpandablow, aux tllary powar, towlug tforces, and bullast requirements.

8o Maledple draratdons of the vahlele sludug and wlgslon profile perw-
Formanes evaluatlons vo detamine the windmum vahdele volume requiced to satiefy
Che Input milaalon profdle,

NAPHAR tw n coiabla anadytieal toel for prelielnary deodgn and parmmetrdic
wvaludatlon ol L) sehindeal and vperatlonal feaslbillty of wodern LTA vehicles,
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REPRESENTATIVE PROFILE

..Search and board

Verm-up, take-off @ 5.L. TOGW
Standail Day (T-59°F)

Climb to alt - 5,000 ¥T
Crulse 250 MM @ 59 K
Sweep @ 50 KN for 5 HRS
Dash @ 90 KN for U.5 RN
Descend to alt - 50 ¥FT
Hover for 0.25 HRS
Loiter @ 30 KN for 1 R
Hover for 0.25 HRS
Climb to alt 5,000 FT
Sweep @ 50 KN for 4 HRS
Repeat Steps #5~11 once
Crulse 250 WM @ 50 X

Descend and land @ S.L. with
10 percent fuel remaining

FIXED PAYLOAD: 4,420 LBS Crew:
MISSION PAYLOAD: 3,249
TOTAL_PAYLOAD: 7,669 LBS

D-3

11

(27.5 Hrs)

0.25 HRS
0
5.0

5.0

.25
1.0

.25
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ELT: Mission Payload

1. Crew of 11 (@ 200 #/man)

2. Provisions, General Store, and
Potable Water (@25 #/man-day)

3. Inflatable boat w/motor and fuel
4, Rescue Equipment

5. Dewatering Pumps

6. Firefighring equipment Set

7. Smoke and Light Floats (@ 6 each)

D=4

2,200
¥
315
411
81
‘
110
90
42
. ‘
3,249 LBS
|
¥
'
L
8
.
¢
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REPRESENTATIVE PROFTLE

MEP: Initial Clean-up, C3

1. Warm-up, take-off @ S.L. TOGW
Standard Day (T-59°)

2. Climb to alt - 5,000 FT

3. Cruise 50 NM @ 50 KN

4. Descend to alt - 100 FT

5. Hover (Pick-up mission payload)

6. Climb to alt - 1,000 FT

7. Cruise 25 MM @ 50 KN

8. Qff-load payload - Fover .5 HR

9. Cruise back 25 WM @ 50 KN

10. Repeat Steps #4-9 two times

11. Climb to alt - 5,000 FT

12, Loiter @ 30 KN for 3.5 HRS

13, Cruise 75 MM @ 50 KN

14, Descend and land @ S.L.

with 10 percent fuel remaining

FIXED PAYLOAD: "4,420 LBS Crew: 6

MISSION PAYLOAD: 17,952

TOTAL PAYIOAD: 22,372 LBS

(12.5 HRS)

.25 HRS

1.0

/
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MEP: Mission Payload J
1. Crew of 6 (@ 200 #/man) 1,200
2. Pruvisions, General Stores, and Potable
Water (@ 25 #/man—day) 78 ‘
¥
3. Inflatable boat w/motor and fuel 411 {
4. Rescue Equipment 81
5. Pump 110
v
6. Firefighting Equipment Set 90
7. Smoke and Light Floats (@ 6 each) 42
8. Chemicals for Spill 500
9.  Harbor 0il Boom (ome @ 2 #/FT) 440 ¥
10. 0il Recovery Devices 15,000
TOTAL 17,952 i
{
L
f
i |
]
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REPRESENTATIVE FROFILE

MO/MP: Towed Array ASW, Attack

1. Warm-up, take-off @ S.L. TOGW
Standard Day (T-59°F)

2, Climb to alt - 5,000 FT

3. Cruise 300 ™ @ 40 KN

4.  Descend to alt - 300 FT

5. Tow away @ 10 KN ror .5 HR

6. Cruise 15 WM @ 30 KN

7. Repeat Steps #5-6 fourteen times
8. Dash @ 90 KN for 1 HR

9. Attack (deploy weapons)

10. Cruise 100 NM @ 40 KN

11. Descend and land @ S.L. with
10 percent fuel remaining

FIZLD PAYLOAD: 4,420 LBS Crew:

MISSION PAYLOAD: 6,520

TOTAL PAYLOAD: 10,940 LBS

(26.5 HRS)

.25 FRS

7.5

11

-
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MO/MP: Mission Payload

Crew of 11 (@ 200 #/man)

Provisions, General Stores, and
Potable Water {@ 25 #/man-day)

Kescue Equioment

Towed Array System (including processor)
MK-46NT (3)

VLA/DIFAR (Dwarf) (20)

Marker, BT, AN

MAD Gear

TOTAL

n-8

81
1,500
1,524

200

300

400

6,520 LBS
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REPRESENTATIVE PROFILE

Hazardous Yessel Escort (8.35 IRS)
Warm-up, take-cff @ S.L. TOGW
Standard Day (T-59°F) .25 HRS
Climb to alt - 5,000 ¥T
Cruise 30 NM @ 40 XN, 1.25
Loiter @ 30 KN for 6 HRS 6.0
Descend to alt - 1,000 FT 0
Cruise 25 NM @ 40 XN .6
Descend and land @ S.L. with
10 percent fuel remaining .25
FIXED PAYLOAD: 4,420 LBS Crew:
MISSION PAYLOAD: 1,817
TOTAL PAYLOAD: 6,237
D-9
i e A i - ks
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NADC-80149-60

Mission Pavyload

Crew of 6 (@ 200 #/man)

Provisions, General Stores, and
Potable Water (@ 25 #/man-day)

Rescue Equipment
Dewatering Pump (2)
Firefighting Equipment Set (2)

Smoke and Light Floats (¢ 12 each)

TOTAL

D-10

1,200

84

1,817 LBS

52

81

220

180

iy ——, o

et e SOOI . degodgpiing - 2
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NADC-80149-60

REPRESENTATIVE PRCFILE

Search, Board, Tow

[y

Warm=-up, take-off @ S.L. TOGW
Standard Day (T-59°F)

Climb to alt - 5,000 FT
Cruise 25 NM 4 90 KN °
Search for 1.5 #ARS @ 60 KN
Descend to alt - 100 ¥T
Hover for .5 HRS

Loiter @ 30 KN for 2 HRS
Hover for .5 HRS

Tow @ 6 KN for 50 MM

Descend and land @ S.L. with
10 percent fuel remaining

FIXED PAYLOAD: 4,420 LBS Crew:

MISSION PAYLOAD: 2,490

TOTAL PAYLOAD: 7,910

D-11

(13.6 HRS)

.25 HRS

8.3

.25




SAR:

NADZ~-8C.49-~60

Missioa Payload

Crew of 8 (@ 200 #/man) 1,600
Provisions, General Stnres, and 1
Potable Water (@ 25 #/man-~day) 114 1
Inflatable boat w/motor and fuel 411 ‘
Rescue Equipuent 81
Dewatering Pump 110 §
Firefighting Equipmant 90
Smoke and Light Floats 84
TOTAL 2,490 LBS 6
i
t
4
k |
|
D-12 a8
ot
T - T A i, e B A © e o g 1279 e i TR —-';" - !
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| ' NADC-80149-60

RAPRESENTATIVE PROFILE

A/N:  Buoy Maintenance
1. Warm-up, take-off @ S.L. TOGW
Standard Day (T-59°F)
Z. Climb to alt - l,OOOlFT
1]
3. Cruise 150 NM @ SO KN
4, Descend to alt - 100 TT
5. Hover for 0.5 HRS
i
P b, Climb to alt - 509 rT
7. Cruise 80 NM @ 50 KN
8., Repeat Steps #4=7 four times
v 9. Cudimb tn alt - 1,000 ¥
‘ 10. Cruise 150 NM @ 50 <N
. 11, Daescend and land €@ $.L. with
i 10 percent fuel rumadning
‘ FIXED PAYLOAD: 4,420 LBS Crowt
MISSION PAYLOAD: 2,976
! TOTAL PAYLOAD: 7,419
i
1
| n-13

(L7.0 HRS)

25 RS

3.0
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NADU=BOLAY- L0

A/NE Migslou Payload

1

",
N
’1

=

i L A S ¥ - A A S R T S A S it . A S X B -

Craw ol B 00 # man)

Poovdnlong, dunersl Yltoved, amd
Putable Water (9@ 2% #/man-alay)

Wrlatabla boat w/votor ad [yl
Rometi B ot
awt wy L Wiy .
VEv e ghe bug By bpend

Anvke and Ll Floate of 6 oaaeh)

Wiy Madlntua wa VL

TOTA!

1

b

i oliEEEy-e *ean W

I, 600

142
411
B

AN

/ ' '.‘,‘\' AU

Bk

LT Py W WMy qatel- -l

e At < TR




MBAr  Lee Vakvol (St. Johnmy)
Lo Warmeup, take=off ® 4,L., T0UW
Standurd bav (I'=59°1)
2 Glimb Lo alt = 5,000
1, Crulua 100 NM @ 40 KN
4 Hwaup © 6O RN for 30 oImy
5, Urulew LOO NM W 40 KN
O, Dadcond and Land ® 200, with
10 pureant fuel vanalulug
FLUD AXLOADT 4,400 1 Graw! 11
MIBHLON PAYLOADE 1, 44)
TOLAL PAYLUAD) 7 101 Lad
b
gt i
s i i AR, et AR SRS M DO e SIS et rosballhi: 'y o T et nd -

NADC--80149-60

REPRESENTATIVE PROFILY

(35,5 lRY)

25 HRS

2.8
RIVAY

b

28
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MSA:

NADC-80149-60

Mission Payload

1.
2.

KR
4,
5
0,

74

Craw of 11 (@ 200 #/man)

Provinlons, Gaeneral Storuy, and
Potuble Wuter (@ 25 f//man-day)

Influtable boat w/motor and fuel
Rescue Eyuipnaeut

Dewatardng Punp

Ilrat Lghtdug Bgulpnent

tmoke awd Light Floats (0 6 aach)

TOTAL

i

bl Al B W Y SRR )

2,200

407
411
8l
1L0
Yo
4

3,341l




NADC-80149-60

REPRESENTATIVE PROFILE

1I0: Ice Mapping (Great Lakes) (20.5 HRS)

1. Warm--up, take-off @ S.L. TOCW
‘ ' Standard Day (T-59°)) .25 HRS

21 Clinlb ko ult - 5'000 FT

3. Map @ 60 KN for 20 IRS 20,0
4, Dageond and land @ 8.5, with
10 purcant fuel rawalning 25
FIXED PAYLOAD ¢ 4,420 LBY Crew! 6

MLSSTON PAYLOADS 3,000

TOTAL PAYLOAD 7,420

h-117




NADC-80149-60

Provisions, General Stores, and
Potable Water (@ 25 #/man—day)

Inflatable boat w/motor and fuel

Snoke aud Light Wloats (M 6 aach)

[0: Mission. Payload-—+ ™
1. Crew of 6 (@ 200 #/man)
2,

3.

4, Rescue Lguipment

5. Dewaterdny ™nup

6. Plrefighting bquipment
7.

H. selantifdce lnstruments

TOTAL

1,200

66
411
81
110
Y0
42

1, 000

3,000 LBS

e tz,—hy, Y
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{
APPIENDTITX "
VEHITCLE SUENSTTLILVITY
ANALYSTIS
'
b
t

-,-.;~_:;. b - 3 LA ol L -
—ma PR — A e meam Siefa Tz =Y e e e | ol




PRECKDING  PAGE BLANK=NOT FILMD

NADC-80149-60

Since the vehinle designe (both iu-houge and contracted) describad in
Chapters V and VII were intended c¢o be only of a conceptual -aturs, some
nuestions could be raised at the legitimacy o} performing sensitivity studies.
However, it was felt thet at least the trands of these analyseu should be ac-
curate 1f not the discrete data. PFor tlat reasun a series of key parametoer
variations was examined,

To study the effects of varlation of key parameters, certalp variables were
fixed to simplify the analyses. Firgt, the reprisantative misgion nrofile for
BLT was chosen aw wortraying » wide ~pectruwm »f all Coust Guara migsions (note
that the Z2p-X dosign ylzed for MEP ig oversized fov thig migglon resulting fn a
performance bomug in endurance and/or payload €or 1) and second, us mentioned
above, the MPAS dasign vehicle  the 2P-X, was established ay the basaline (rhig
fixes the yrodg welght) aloag with the deslgn yertormence requirementys svch ag
90 kuot dauh spand and 5,000 fost altitude, Vollowlng are the resultioy doty as
four primary vardables are varied, ‘These four are Desigu Mash Spaad, Lasign
Alrituda, Structural weight, and Total Drag Coefyielont.  In additdon to grap) -
leal deva of a vortdion of the vreultse, tabular data aleo included can ba nsed Lo
wplora affauts ov sther paramavers.

igure p=l, "affact cf Duwkgn Yasi Svaed Varlotlon,' displays the vavy
avrony lufJuuice vhe caolee of deasdga dash spaad oa vahilcle lwll slsa awd hovwos
puwer paquivad,  Table E=T, proswents on 4 percentngs baalys tha rowulte of mennts
tdvity changew €y Lhe wox bodn upaad,

Foges Wy WBPTeee of Dewdgn Alcleudo, " (llustratei the faet that buovan
viehiclan mut grow largar whave the suvvound Loy weddum e lons Jutivo,  Alwo o
hida v Leowgant powar vegudvananty ddmdndab wlove lower denwltvy dupllen lews
drag o the velidelay Mable #=1) provides wddivtonal informatton,

Plgurg WYy "Beract of Seonetural Welyht Varfatioo," whows how aven falely
e bl welght wav bage Cas o dgnt b wepuetad Ceom modaen worarfata such di com e
thted) vt ol wlthoy a ownadltoe vehlelo or axtandad mlgulon spadurateo, Tabla
P bV E mpov bdun Y he pgreontage ol feovs on othoy pusametevs ag gl enelueal welgpy
la vavlad,

Flgura By "frreen of Dray Goof fletoit Yavtatbon," proseais von ostory of
dvag, v Lhely Yavge ablpaoldal natura, wlewhipe are o dyng bntangive shapa
pvbwar Ly sloin Do bon tn the yenal gpaad vange of 100 knots or lukd, o
hovdupower pagudrenont s dre furgaly ddetaraa by powar nacdsudey Lo ovalcoro
dra, tha urfoct of deay chauad ara ver, abpntlonnt, othar afteety ot dray
vartatton e abewp o Mable BT,

Thuwe wabs Uiy and lyeoe surve mo podoe one Lhe copeaptua) adtare o Lthe
MEAL polut dwadynn,  SULG Be changue Gy ey pivamulors con hdve large aftoers,
overatat b vegs Dranentg st a dawy apead cun vasn bl by oa tger wul aorg
cont by vabide Loy T veldedbas poonantad sro val G Ly a vapranuntavive sonese bt
A closur ook ghoo!d b ownde ot o bual Goadgd deand vaguaeant 3 rollowed hyoan
I dapeh polne dendpn wigdy,
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MISSION DES

b ]
e e b

R

. g
ry Surey
i 3.
B L [ p
=
4 | s

TR SA0UPITIY A PITNAGE SR AN LT R

PRwerr
Py

ot sttt a e som]

P
PSRN By

+ b dah e f
R FRen

I

S e

[RUTTY ey
[EETRN ey I
R e

EEPTTYYR T
4

14

[24a4 ha]

s CORPORATION

——k e s M &

semebibee XS eaticae
TR I . desca
Aromd o raa I . e

-—f Lyl I

MMETISE

B f“

oy
s

T T A

manrd

‘Efi

;
S S
R

S e
S owm i ue Dl

I--

=

!
S AU O

-

—

-

3

SN R LI T
Ve o "
it |{i|m,olm‘»n-31 : - 1'- A. - AT e ‘QU f
Lt ! A oy Tt ! i
v hbe :.4.."4'.. . " SN . .- Teba : I . '
i ! i i ol * o , ‘
. ¥ [ T S e o b o ,.A...‘.. IO , . ..';. Jou :- .

I S Coh

{]
S e e ST B ALTXTun%'\:lunﬂ fp {

'

4
t
] s
" 9-.-. -.~.;‘...uuln‘,f-v--n--uq.Us "v-ﬂo.uo-c-' l-—"»-run‘i’.r—ml-ww —-,-l,pw‘-?-ﬂmort-‘ bt 2’ '-A & » bl pr—— - — - - - "'|l“ |

V ' ] b '

lﬂvt“;} SIS AU y"; Plgwva H-do YEfvar of Duaign Al tuda P oot
' e tat Yaviation, o

\ N o I !
r ' ;
' .
s
R T IR R B B T R Y e L i e T e T TToee s s R ot
| hoeh
e (}.
i
\ '
v R AL LN T TP l
LA T I T
e o‘i. i adadal o T S v
- PR e g ¢ x Lo | S ~an
fiansdibhics eae B A Al A Kb nr e s s s y " . ~
S AR AR Saiasc A Ak Atk o
= bcahadesia b 4 &
by
bid PO S




ELL ST B

ee

14 000§ dANLILTIV N21Sag

¥6S%S = IHOIAM SSOUD 4
- w - f
Q H
0 ! 1
o LT~ 9°¢- 975~ ITo— 175+ : Gl 1
= 1
—~ . 1
o] oT_ . e —c_ — ; .-
8 €1 €0 £ €S s : Cle
3 i
2 0 0 0 0 X i )
A ,,
ST+ £ o+ £ c+ £+ i o- G- ,
8¢+ 970+ 0" T+ 995+ - | -

3910034 avol JH913M ERI1 NCISSIH IRIEN TR
JIMOJASHOH NS0 Aldnd FERLSS
INdIddd ~ S¥IIRTERd AT 50 FT1E343

c——

AGALILTY R2IS3A K1 IIRCHD INITEE]
11-3 I;3¥L




—

v
1
]
e v

'
1
)

s
PSSO e diup ittt

e

]
[}
'
H

Pt S

B

prowrsl Sl S

P S

RIS gy

ey

PO SR S e

RS0 S IS S
“
s |
-
pid o
j - T
R N DS S =
TR R TR

e e awt

PRI S p—

s

P USRTTpA0 S S S
e
I3

1

——— ey

FRR=N" Uiy SN Souting SRty

— b

ey YTy puweien
fist-tyes

t

|

It

“
!
i

..,
_

NADC~80149-50

[REPMEN SE RS S

b —bay —

T N T T

P A DB Surtub S SIS SIS

prors

———t o

il
PR B . N
| M : SUUDEEUN U SR
: il .
1 i3 < R
il (e N
* i R B
! w i :
1 : '
L .--F,l*:-ht .

pow

———

ok e

bl

ISR S

— e

R DU STV SRSy

et aane s
fo o

Jlowrou Srpwmw el

-

D S

- - et B

NIl HTSNDS =NITT2 I

- ——

TRI e T
rAETWT WITTLWNT T TFC T

———e —a e

]
)

HANUY

1]
.
|
i

| S

RURHT
|

of Stryetgral

Y1 Latian,

\
.

AVEL

|
i

AN

URAL
Kifaot
Walght

Rt

'l'

i

Plgure £ -4,

| PO SO




NADC-80149-60

yyrary

é

s s

k 4

75¢%S = LHDISN SS039
L°yi+ 6 it RANFS S R Der
L°9 + $°9 + s Ei— 3TE + . i+

0 9 3 (3TEies73) 0 0
09 c7r - STt §°3 - : e

¥~ 8 t1- ERRTS T e

M mding ¥ "

avol JHO13A ERLI RCISSIR =IRAIC, TTUE ImDish TEELIOGELS

nIEsa 14 T¥LOL

INFIO¥Id - SEIIFRTEVA A3 No S10FAA j I N7 23

JHOTAA TVAALIMELS X1 3nGH) UETEE4
11:-3 IT=xL

-

=1



SOLas=nd

)

.
1

A

'
1

A
N

- * - - - -
- e ——— - —_— —————— \lw
- 4 ¥ . ; _
i , ;

w ' t $ : . - h - o L :
) - - - L] : .
. ] i
; ISR Su S BEPESEs St B Bt .

o -

'

\
'
'
)
v
.

-
1

1]

_“‘...._L.L..».... .
! ;

]

]

e

'

i

'
'
e am o s = 3 et

.-

N =
4 _
N0 SISPLEN WSS
B 1
:
.

N

PUUOS S

{
i -
490‘5;#,;.“, doo.

P

et

LI i
. w o e m / — wbu«
S LG SR AN :
e RIR I i _ . ; / ! ==
1 o /a _ . . - 3 ; . 3 RS o=
! 558 T b ..-fu-f»- U | S : e o rm e #. P : ==
ol : _ m Ty H 23
N oI T M, M IE
g = _ o=
z '\-ﬂi — T et vt —— H\U

o

‘

10

s
Yavfatton,

af ”.”llH (

-

..r :

SIS PUENEPUpIY SIS e

1.
|
!

—1 q,,.lL :

PEfaet
flelant

t
i
'

1-‘1.‘3

Yigure F-a,

e

t

yDEg= 783,646

ELT MISSION

v

N PUUSCSPIN FONS SPRE PO

1
!
1
- N ' . .
H N
O e tened KT R bl toaas et et
. . ' ,

) M ‘ .;,_.",,: B el & “ﬂ o 13 0001~ AT TLH

r..”lri(wn\._flllli\}l t\.|4|L -l ,m ,i._|‘ln_li| S S S

e A Te TIT = T
- - —E—

o= —r E R oo 8 = e "W
MOISYMIT-NGTS 30T J20 PR SO e "

. .'adt)
. - J0

PR

o i v b s —




.

NADC-80149-60

4

H
£
YGSYS = IHOIEM SSO¥H
0°0¢c+ £ ¢+ 1°G+ S'CT+ C g+ 07+ =
I
h
0701+ LA S g+ L°f + Tt o1+
0 0 0 Q 0 G
I"11- € e PAA £°L - 8" %~ o1~
0 6z~ P A g &- L7 - 0°¢- oc-
a3 31 0039 avol JHOLEAM HHIL NOISSIN AMHAQT0A TIad LNI12143400
BEROEKERE:(S): | 108950 ALd TVLOL oved "IvioL
LINAD¥Ad ~ SHIJLIWVEHVd ASX NG SIORaJ4 NL
JONVHD LNADYAd
INJIDIAIZO0D 2VHG TVIOL N1 FONVHD INHOWAd
Al-9 A14YL
]
an - - ~ A L »
i1}




NADC~-80149-60

F

APPENDTIKX

GUARD MPAS PROGRAM

COAST

ANALYSTIS

HISTOGRAM

F-1




PRECEDING PAGE BLANK~NOT FILMED
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As described in Chapter VIII, the missions of the Coast Guard are examined
on a histogram basis from several perspectives. In Chapter VIII, the overall
picture is presented with all eight programs compiled together., This appendix
addresses each program separately.

A series of three histograms (with the exception of MO/MP for which opera-
tional data was not available) are presented for each Coast Guard program:

1. Flight Hour Requirement as a Function of Mission Duration;
2. Number of Missions as a Function of Mission Duration; and

3. Number of Profiles as a Function of Mission Duration.

F-3
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A description of the computer effectiveness model

is presented in Chapter
This appendix provides the program listing.
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This appendix presents the data outpul of the computer effectiveness model
(described in Chapter VIII and Appendix F).

The output includes hnurly and mission cost (1979$), fuel cousumed, mission
duration, and total anrual mission hours for zach profile.

The first 11 columns summarize the mission profile and are input to the
program. The next celumn 1s the average hourly cost, followed by the total cost
of performing the mission. BRoth of these costs are based upon life cycle cost
estimates. The next cclump gives the total fuel consumed in performance of the
pr¢file. The next column lists the duration »f a single mission, and the last
column gives the arnual flight hour requirement associated with all occurrences
of a profile. TIf a profile exceeds the capabilities of the vehicle, it is noted
in the ouvtput,

Rtnaaadie s B PPN 4
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]
i
D MISSION TASK TASK TASK TASK TASK TASK TASK SEARCH OCCUR- HOURLY TOTAL FUEL DURATION Tov .
NUMEER FAYLOAD 1 2 3 4 S &4 7 TYPE ENCE cost cnsT ‘LES) tHRS) {HR L]
1141 1289, 50.0 1350.0 1.0 0.0 0:Q 2000.0 0.0 A 10 ¢ 7%4.14 % 4131,25 1718.5 5.50 53,
1.1.2 1209, 50.0 300.0 2.0 0.0 0.9 2000.0 0.0 i 108 751,05 ¢ 7135,01 29%8.5 9.50 T
1.1.3 1289, 100.0 200.0 2.0 0.0 0.0 5000.0 0.0 1 10°% 731,07 % 46384.,07 14648.5 9.5%0 85,
1o1.4 1289, 100.0 300.0 2.0 0.0 0.0 %000.,0 0.0 1 108 8’6.5%4 8 203,70 3248.% 10.50 105.
1.1.5 1289, 100.0 200.0 4,0 0.0 0.0 3000.0 0.0 1 10 ¢ B8746.54 ¢ 9203.70 3248.5 10.50 103,
2.1, 734, 0.0 0.0 0.0 20.0 Q.0 0.0 0.0 1 10 ¢ 1083.44 3 2146468.80 4200,0 20,00 200,
2.1.2 734, 0.0 0.0 0.0 35.0 0.0 0.0 0.0 i 75 ¢ 1083.44 % 37920.,40 108%0.0 35.00 2625,
2.1.3 734, 0.0 100.0 4.0 20.0 0.0 0.0 2.0 3 25 ¢ 1083.44 3 209169.44 B060.0 26,00 650,
2.1.4 734, 0.0 100.0 - 35.0 0.0 0.0 0.0 H 100 ¢ 10B3,44 ¢ 45587.91 13330.0 43.00 4300.
2.1.5 734, 50.0 0.0 0,0 3.0 Q.0 0.0 0.0 1 10 ¢ 750,94 % 3003.76 1240.0 4,00 40.
241,86 734, 50.0 %$0.0 4.0 10.0 0.0 0.0 0.0 1 S0 ¢ 974,44 8 14023,04 4940.,0 146.00 800,
2.1.7 734, 50.0 0.0 0.0 15.0 0.0 0.0 0.0 1 SO % 8746.44 % 14023.04 4960,0 14.00 800.
2.1.8 734, 50.¢ 30.0 2.0 13.0 0.0 0.0 2.0 1 100 ¢ 874,44 ¢ 16432,346 TB90.0 19.00 1909,
LI 4 734, 50.0 Q.0 0.0 20.0 0.0 0.9 0.0 1 2% ¢ 1083.,44 ¢ 22752,24 4510,0 21.0, 525,
2.1.10 734, 30.0 100.0 4.0 20.0 0.0 0.0 0.0 L 100 ¢ 1081,44 * 29232.88 8370,0 27.00 2700.
2.1.41 734, 30.0 200.0 10.0 79.0 PRy 0.0 0.0 2 200 ¢ 1085,44 ¢ 41531.94 11883.3 38,33 74486,
2e1.12 734, 150.0 50.0 2.0 3.0 0.0 0.0 0.0 1 S0 % 876,44 % 9640.,84 3410.0 11,00 550,
2.1.13 734, 1350, 100.0 4.0 20.0 0.0 0.0 0.0 i 100 ¢ 1083.44 8 314(9,74 B8990,0 29.00 290..
2.1.14 734, $S00.0 $0.0 2.0 25.¢0 0.0 0.9 0.0 i SO ¢ 1083.44 ¢ 41170.,71 11780.0 33.00 1900,
241,13 734, 500.0 100.0 4.9 50.0 0.0 0.0 0.¢ 2 200 ¢ 10UB3. 44 ¢ 35392,38 1012447 32.47 6533,
2.1.16 734, %00.0 200.0 8.0 100.0 0.0 0.0 0.2 2 100 ¢ 108B4.49 % 560008,21 17874.7 55.213 9533,
PERES ¥) 734, 2000.0 100.9 4.0 25.0 0.0 0.0 0.8 2 %0
FUEL CONSUMED= 247064.7 OREATER THAN LIMIT =18042,31
MISS(ON TERMINATED IN TAUN 4
2.1.18 734, 2000.0 150.0 6.0 %0.0 0.0 0.0 0.0 1 25
FUEL CONSUMEDSs 57774.9 GREATER THAN LIMIT =18842,31
MISSION TERMINATED [N TAGK 4
2.1.19 734, 2000.0 200.0 8.0 100.0 0.0 0.0 0.0 2 S0
FUEL CONSUMEDS® 37376.3 GREATER THAN {IMIT =18042,31
MISSION TERMINATED IN TASK 4
2.1.2 734. 1000.0 0.0 8.0 15.0 0.0 0.0 0.0 1 JOO 8 1083,44 ¢ 446587.721 13330,.0 43.00 12900,
2.2.1 734, 0.0 100.0 4,0 20 0 2.0 0.0 0.0 i 2% ¢ 1083,44 ¢ 30334.32 8480.0 26.09 700,
2.2.2 734, 0.0 100.0 4.0 35.0 2.0 0.2 0.0 1 100 ¢ 10B3.46 ¢ 4B8755,52 139%7.1 45,00 4500,
2.2.3 734, 50.0 $0.0 2.0 10.0 2.0 0.0 0.0 1 10 ¢ 876,44 ¢ 14023,04 49460.0 16.00 1606 .
.2.4 734, %0.0Q 20.0 2.0 13.0 2.0 0.0 0.0 1 S0 ¢ 10893,44 ¢ 22792.24 6510.0 21.00 1050,
2,2.9% 734, 50.0 100.0 4.0 20.¢ 2.0 0.0 0.0 1 10 ¢ 1083.44 % 31419,76 B990,0 29,00 290,
2.2.6 734, 2.0 200.0 10.0 70.0 40 0.0 0.0 2 100 ¢ 1083.44 ¢ 47845,63 13123.3 42,33 4233, o
2.2.7 734, 1350.0 30.0 2.0 3.0 2.0 0.0 0.0 t 109 974,44 ¢ L1393,72 4030.0 13.00 130,
' 2.2.8 734, 150.0 100.0 4.0 20.0 2.0 0.0 0.0 1 LN0 ¢ 1083.44 % 33586.63 94610.0 7TL.u0 3100,
2.2.9 734, 300.0 50,0 2.0 aT.0 4.0 0.0 0.0 1 23 ¢ 1083.44 3 4AT504.48 13020,0 42,00 1030,
2.2.10 734, 3500.0 100.0 4.0 $0.0 4.0 Q.0 0.9 2 100 ¢ 1083.44 ¢ 39724.,149 [13646.7 36.47 J&44,
2.2.11 734, %00.0 200.0 o 100.0 2.0 0.0 2.9 2 200 ¢ 1084,35 ¢ 62194, 04 1BPHE.L 37.33 11466,
2.2.12 734 2000,0 100,90 4.9 2.0 4.7 0.9 0.0 1 50
FUEL CONGUMEDs L5211.7 GREATFR THAN LIMI1 =18u42. 31
MIG510m TERMINATED [N TASA 4
2.2.13 734, I790,¢  150.0 4.0 0.0 240 9.0 0.0 1 29
FUEL COMSUMED- 511%7,9 GREATER THAN LIMIT =218842,31
2 HIS3Ie TERATHNPATED IN TRSR 4
2.2.14 734, J000.0 200.0 8.0 100.0 2.0 0.0 0.0 2 50
FUEL CONSUMEDI~ 41419.7 GREATE. THAN LIMIT =ig842,31
4 HIS310N TEMHINATED IN TASK 4
2.2.15 734, 1000.0 0.0 8.0 15.0 2.0 0.0 9.0 i S0 ¢ 1083.44 % 48735,72 [3957.1 45.00 2230,
2.3.1 734, 23.0 %0.0 13.0 1%3.0 2.0 0.0 Q.0 1 2 % 1083.44 ¢ 36079%,23 1038%,0 33.30 67,
J 2.3.2 734, 25.0 30.0 2.0 15.0 2.0 0.0 100.0 1 L 9 1078.,44 8 22892,71 7%5%.0 3J0.30 30.
2.3.3 734, %0.9 100.0 2040 20.0 2.0 0.0 0.0 1 2 % 1083.44 ¢ 49735.52 13959.1 43.00 0.
2.3.4 734, 100.0 100.0 20,0 50.0 2.0 0.0 Q.0 ! 1
> SUEL CONSUMEDe 30321.1 OREATER THAN LIMIT =1g8042,31
HISIION TERMINATED IN TASK 4
IR 734, 1000,0 200.0 Yo.0 %0.0 2:0 V.0 0.0 1 2
J FHRC CONTOpREDRs DUP26 D NREATHR THAN LIMIT =18A47, 51
. S - v
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2.3.6

734,

FUEL CONSUMED'= 20086.,7 GREATER THAN

MISSION TERMINATED

3.1
3.1.2
2.1.3
J.1.4
3.1.5
3144
34107
3.1.8
J. 1.9
3.1.10
J. 1
3.3.1

1234,
1234,
1234,
1234,
1234,
1234,
1234,
1234,
1234,
1234,
1234,
1234,

FUEL CONSUMED=
MISSION TERMINATED IN TASK

.
n

1234,
1234,
1234,
1234,
1234,
1234,
1234,
1234,
1234,
1234,
1234,
4003,
4003,

FUEL CONJUMED=

MISSION TERMIMATED

4.1.3
4.1.4
4.1.5
4.1.6

4003,
4003,
4003,
4005,

FUEL CONSUMED=
MISSTION TERMIMATED IN TASA

4.,1.7
4.1.0

4005.
4005,

FUEL CONSHMED=
MIZZLON TERMINATED IN TASK

4,1.9

400%,

FUEL CONSUMED~=

MISTION TERMINATED

4.1.10 4003,
FUEL CONSUNED=
MIS3ION TERMINA
4,001 4%,
4,20 c00%,
4,2.3 4005,
4.2.4 409%.,
4,2.35 AQQS,
4.2.4 4005,
4,2.7 40035,

FUEL CONSIMED=

MISTION TERMINATED

4.2.8
$2.9

4005,
4003,

FUEL CONSUMED=s 23120.9 QREATER
MISSION TERMINATED [N TASK

4.2.10

4005.

FUFL CONSUHMED= 3286084 JREATER
HISSION TESMINSGTED IN TASK

4,0.11

€N,

S00.0 Q.0 0.0
IN TASK 3
5040 10.0 0.5
$0.0 0.0 0.5
100.0 10.0 0.3
100.0 10,0 0.5
100.0 10.0 0.5
500.0 10.0 0.5
1000,0 10.0 0.5
200.0 0.0 4,0
500.0 0.0 4.0
200.0 0.0 4.0
500.0 0.0 4.0
200.,0 10.0 8.0
4222, 4 GREATER THAN
3
50.0 10.0 2.0
50.0 10.0 4.0
50.0 10.0 4.0
100.0 10.0 4.0
100.0 10.0 4,0
100.0 1¢.0 8.n
50.0 0.0 4.0
%0.0 0.0 12.0
50.0 0.0 24,0
100.0 0.0 8.0
100.0 0.0 36.0
25.0 25.0 0.0
25.0 2%5.0 0.0
2913%.2 GREATER THAN
N TASK 4
100.0 5.0 0.0
10C.0 2%.0 0.0
200.0 2%.0 0.0
300.0 5.0 0,0
38794.2 GREATER THAN
4
1000.0 23.0 0.0
1000.0 2%.0 0.0
%2439.3 GREATER THAN
4
1000.0 2%.0 0.0
23129.9 GREATER THAN
IN TASH 1
3000.0 25.0 0.0
23120.9 GREATER TJHAN
TED IN TASHK {
$0.0 0.0 0.0
50.0 0.0 0.0
100.0 0.0 .U
100.0 2.0 0.0
506.0 0.0 0.0
Z200.0 0.0 0.9
900.0 0.0 0.0
17098.3 GREATER THAN
IN TASK 4
1000.0 0.0 0.0
1000.0 0.0 0.0
THAN
4
1000.0 Q.0 0.0
THAN
4
d000.0 0.0 0.0
W . 3 TN

NADC-80149-60

15.0 2.0 0.0
LIMIT =(8842,31
.
10.0 0.0 0.0
20.0 0.0 0.0
10.0 0.0 0.0
20.0 0.0 0.0
5040 0.0 0.0
50.0 0.0 0.0
30.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 1.0 0.0
0.0 1.0 0.0
0.0 0.017000.0
LIMIT = 3278.61
0.0 0.,01,/000.0
0.0 0.0 00.0
0.0 0,0 1000.0
0.0 0.0 00.0
9.0 0.0 1000.0
9.0 0.0 3000.0
0.0 0.0 Q.0
0.0 0.0 0.0
0.0 0.9 0.0
0:0 0.0 0.0
0.0 0.9 0.0
10.0 0.0 0.0
200.0 0.0 0.0
LIMIT =13898.41
10.0 0.0 0.0
100.0 0.0 0:0
50.0 0.0 0.0
200.0 0.0 0.0
LIMIT =[58%8,41
500 Q.0 0.0
200.0 ¢.0 0.0
LIM,7 =158v8.41
$0.0 0.0 0.0
LIMIT =15878.41
200.0 0.0 0.0
LIMIT =138%8. 41
v, 0 0.0 0.0
509 0.0 0.0
%0.0 0.0 0.0
109.9 ¢.0 0.0
10.0 0.0 0.0
50.0 0.0 0.0
100.0 0.0 0.0
LIHIT =15898.41
10.0 ¢.0 0.0
i00.0 0.0 0.0
LIMIT «1358%8.41
%300.0 0.0 0.0
LIMIT =13890,41

10.0 0.0

L RY

0.0 H 2
0.0 1 100
0.0 i S0
¢.0 1 100
0.0 1 {00
0.0 3 in0
0.0 3 S0
0.0 3 25
0.0 i 100
0.0 1 100
0.0 1 10
0.0 1 10
0.0 1 3
0.0 t 1
0.0 1 10
0.0 1 10
0.0 1 10
0.0 1 10
.0 1 b
0.0 1 25
0.0 i i0
0.0 i 10
0.0 1 S
0.0 i S
0.0 1 o4
0.0 2 Q
0.0 1 o]
0.0 ? 0
0.0 2 0
0.0 2 0
0.0 2 0
0.0 2 Q9
0.0 2 0
0.0 2 0
0.0 4 [}
9.0 4 o
0.0 4 0
0.0 4 o
0.0 4 0
0.0 4 o)
0.0 4 [}
Q.0 4 o
0.0 4 0
Q.0 4 ]
n.n 4 n
'
H-5

PR IR R R S

PRI R A K R X X 2

-

LI R

876,44
1083.,44
874,44
1083.44
1083.44
1083.48
17B84,57
750,94
874,44
750,94
876,44

763,93
751,13
751413
751410
751,10
874.54
750,74
876,44
1083.44
876,44
1083,44
874,44

B76.44
1083.52
1083, 44

1083.62

$0.94
1083.,44
1NR3. 44
1084.°2
B724.,a4
1083,44

10P 3,44

I E PR

PO P ASE SRS SV S

10254,37
23510.65
11139.79
24594,09
39039.9%
472749.,05
58603.08
6007.,52
12270.1¢6
6758, 4%
13146.460

843,24
4281,44
Q281
5032.38
5032.38
9378.99
3754.70
11393.72
27084.00
8764.40
41170.721%
9440.84

1095550
38626,22
29433 .45

40274, 414

37%4.20
20752, 24
23915, 60

393714
12270.16
32%03.20

26002.36

47721.34

34627.0
4727.0
3937.0
?037.0
11170.3
13670.0
17515.4
2480.0
4340.0
2790.0
4650.0

1706.,2
1780.5
1780.5
2090.3
2090.5
3330,
1550.,0
4030.9
7750.0
3100.0
11780.0
3410.0

38735.0
11145.,2
8421.7

11603.6

12%0.0
6510.0
£820.9
13429.5
4340.,0
9300.0

7440.90

14244,7

11,70
21.70
12.70
22,70
36.03
44,03
54.03

3.00
14,00

?.00
15.00

3.70
3470
5.70
6.70
6470
10,70
3.00
13.00
2%.00
10,00
38.00
11.00

12.50
35.83
27.17

37.17

$.00
21,00
22.90
42,00
14.00
30.07

24,00

1170,
1085,
1270,
2270,
3603,
2201,
1350,
800.
1400,
0.
15%0.

3.
37.
37,
&7
67,
53,

125,
130,

230,

190,
0.

0.
0.
0.

0.
Q.
I
0.
Q.
D

. Sl i PUSEN
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FUEL CONSUMED® 422%4.5 GREATER THAN LIMIT =15898.41
MISSION TERMINATED IN TASK 4

4.2,13 4005, 7000.0 9.0 0.0 %0C.0 0.0 0.0 0.0 4 0

FUEL CONSUMEDe 522328 GREATER THAN LIMIT =15898.41
MISSION TERMINATED [N TASK 4

4.3.1 4005,  50.0 0.0 0.0 0.0 0.0 0.0 200.0 4 0 % 1068.75 $ 22448.74 2710.0 21,00 9.
4.3.2 4005, 50,0 0.0 0.0 0.0 0.0 0.0 1000.0 4 O ¢ 1068.37 $107907.58 12311.7 3$101. 0.
4.3.3 4005,  10n.0 0.0 0.0 0.0 0.0 0.0 1000.0 4 O $ 1068.34 $108991.0% 12422.3 s102. 9.
9.3,4 4005, 109,0 0.0 0.0 0.0 0.0 0.0 2000,0 4 0

FUEL CONSUMEDw 24706.4 GREATER THAN LIMIT =15398.41
KISSION TERAINATED IN ASK 7
4.3,5 4005, %00.0 0.0 0.9 0.0 040 0.0 200.0 4 0 $ 1073.30 % 32199.20 $500.0 30.00 0.
4.3.6 4008, %00.0 0.0 0.0 0.0 0.0 0.0 1000.0 4 O % 1069.63 $117659.19 15110.0 #11C. 0.
4.3.7 4005, %00.0 0.0 0.0 0.0 0.0 0.0 2000.0 4 )

FUEL CONSUMED= 27219.0 GREATER THAN LIMIT =15898,41
MISSION TERMINATED IN TASK 7
4.3.8 4005, 1000.0 0.0 0.0 0.0 0.0 0.0 200.0 4 0 % 1075.84 % 43033.57 8600.0 40.00 bR
4.3.9 ‘005, 1700.0 0.0 0.0 0.0 0.0 0,0 1000.0 4 0

FUEL CONSUMED= 18226.2 GREATER [HAN LIMIT =15898.41
HISSION TERMINATED IN TASK 7
4.3,10 400%. 1000.0 0.0 0.0 0.0 0.0 0.0 2000.0 4 0

FUEL COMCUMED= 30366.7 GREATER THAN LIMIT =1%898.41
HISSIUN TERMINATED IN TASA 7
4.3,11 4005, 2000.0 0.0 0.0 0.0 0.0 0.0 200,0 4 0 % 1078.70 % 44722.2% 15048.3 60,90 2,
4.3.12 4003, 2000,0 0.0 0.0 0.0 0.0 0.0 1000,0 4 0

FUEL CONSUMED= 2472%.,2 GREATER THAN LIMIT «1S898,41
MISSION TERMINATEL IN TASK 7
4.3,13 400%, 2000.0 0,0 0.0 0.0 2.0 0.0 2000,0 4 0

FUEL CONSUHEU= 34931.1 GREATER THAN LIMIT =15898.41
HISSION TERMINATED [N TASK 7
Acd.1 400%,  50.0 50,0 1.0  10.0 0.0 0.0 0,0 0 % 750.73 % S2%.%8 2170.0 7,00 9.
4,4,2 4005, %0.0 10,0 1.0 $0.0 0.0 0.0 0,0 4 0 % 10B3.44 8 24052.35 4882.0 22,20 R
4.4.3 4005,  50.0 50,0 1.0  50.0 0.0 0.0 0,0 4 0 ¢ 1083,44 § 24719,12 7130.0 23.09 0.
A.4,4 400%, 100.0 10,0 140 10.0 0.0 0.0 0.0 4 0% 7%0.94 & 5404.77 2232, 7.20 0.
404,58 4005, 100.0 %0.0 1.0 10.0 0.0 0.0 0.0 4 0% 750.94 % 4007.352 2480.0 B§.00 0.
A48 4005, 100.0 %0,0 1.0 30.0 0.0 0.0 0.0 ) 0 % 10B3.44 8 26002.% 7440.0 24,90 2.
4.4.7 4005, 300.0 10,0 1.0 10.0 0.0 0.0 0.0 4 08 876,44 % 13321.8% 4712,0 1%.20 0.
4.4.8 4005, %00,0 %0.0 1.0  %0.0 0.0 0.0 0.0 4 O % 1083,44 $ 34670.08 9920.0 32.00 0.
£.4,9 400%. 500.0 10,0 1.0 100.0 0.0 0.0 0.0 4 0

FUEL CONSUMED= 17729.0 GREATER THAN LIMIT =1Su9d.41
MIS510N TERMINATED IN TASR 4 <
4.4.10 4005, %00.0  %0.0 1.0 100.0 0.0 0.2 0.0 A 0

FUEL CONSUMED= 18162.3 GREATEK THAN LIMLT s15396.4)
MISSION TERMIMATED IN TASA 4
a1t 4905, 1000.0  10.0 1.9 10.0 0.0 c.o 0.0 4 O % 1083.44 ¢ 27302.47 7812.0 2%.29 0.
4.4,12 4003, 1000.0  %0.0 1.0 100.0 0.0 0.0 0.0 4 0

FUEL CONSIHMED= 24%%8.6 GREATER THAN LIRLT =l5Saw0. 4y
MISET N TERHINATED [N TASH A
404,13 4005, 1000,0 0,9 1.0 00,0 0.0 9.0 2.0 4 0

FUEL CONS'MElim 3308854 SREATEK THAN LIMIT 17894, 41
MISSION TERMINATED IN tASK 4
dod,ta 4005, 1000,0  10.C 1.0 100.0 0.0 0.0 0.0 4 0
FUEL CONSUMED= 239/3.1 GREATER THAN L{NIT 215694.41
MISSION TERMINATEL (N TASKh 4 |
44,1y 4003, 2000.0 30,0 1.0 10.0 0.0 0.0 0.0 4 O % 1084.99 § 47909.69 1%193.1 46.90 0. :
4.4.16 4003, 2000.0 %0.0 1.0 100.0 0.0 0,0 0.0 4 0
FUEL CONSUME™= 44879.5 GREATER THAN LIMIT =15870.4]
MISSION TERMINATED I[N TAGK 4
4.4.17 400%, 2300.0  3%0.0 1.0 %00.0 0.0 0.0 0.0 4 0 3
FUEL CONSUMEDr 4554738 GREATER THAN LIMIT »1589d. 41
MISSION TERMINATED IN TASK 4
L5l 4003,  %0.0 30.0 1.0 0.0 e.0 0.0 200,0 & 0 ¢ 1070.22 ¢ 24615.12 3330.0 23.00 Q.
4,5.2 4005,  %0.7 10,0 1.0 0.0 Q.0 0.0 1000.0 4 0 % 1067.37 $109207.75 12484.4 8192, 0.
4.5.3 400%. %0.0 %0.0 1.0 0.0 0.0 0.. 1000.0 4 O ¢ 104A.4A $110074,3% 12933,9 4103, 0.
4.9, 4 A0Ce 100.0 0.0 1.0 2.9 0.0 0.N 20,0 4 O ¢ 1020.34 % 2A05L,A0 31?72.0 23.20 0.
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4.5.6 4005, 100.0  50.9 1.9 0.0 0.0 0.0 1000.,0 4 0% 1068,83 $1111%8.05 13:43.,8 +104. 0.
4,5.7 4005, 00.90 10.0 1.0 0.0 0.0 0,0 200.0 4 0 % 1073,70 ¢ 33499.32 SB72.0 31.20 0.
4.5.8 4005, S00.0  %0.0 1.0 + 0.0 0.0 0.0 2000.0 4 0
i FUEL CONSUMED= 27B47.8 GREATER THAN LIMIT =15898.41
HMISSION TERMINATED IN TASA 7
4.5.9 400%. S00.0 10,0 1.0 0.0 0.0 0,0 2000.0 4 [}
FUEL CONSUMED= 27596.4 GREATER THAN LIMIT =*15898.41
MI3SION TERHINATED IN TASK 7
4.5.10 4005, S00.0 30,0 1.0 0.0 0,0 0.0 2000.0 4 [
FUEL CONSUMED= 27847.8 GREATER THAN LIMIT =15898.41
MISSION TERMINATED IN TASK ?
4.5.11 4005, 1000.0 10.0 1.0 0.0 0.0 0.0 200.0 4 O % 1076,06 ¢ 44333,73 R972.0 41.20 0.
4,5.12 4005, 1000,0 50,0 1.0 0.0 0.0 0.0 2000.0 ) 0
FUEL CONSUMED= 30997.,3 GREATER THAN LIMIT =15898.41
{ HMISSION TERMINATED IN TASK 7
4.5.13 400%. 1000,0  50.0 1.0 0.0 0.0 0.010000,0 4 0
FUEL CONSUMED'= $172670 GREATER THAN LIMIT =1%8798.41
MISSION TERMINATED [N TASK 7
4.5.14 400%. 1000.0 10,0 [N 0.0 0.0 2.0 2000.0 4 0
FUEL CONSUMED= 30745,2 GREATER THAN LIMIT =1%898.41
MISSION TERMINATED IN TASA 7
4.5.19 4005, 2000.0 50.0 1,0 0.0 0,0 0.0 200.0 4 0 8 1079 28 ¢ 66902,46 15837.3 4%.00 0.
4.5.16 4005, 2000.C  50.0 1.0 0.0 0.0 0.0 2000.0 4 [
\ FUEL COMSUMED= 37734.5 GREATER THAN LIMIT =1%898.41
MISSION TERMINATED [N TASK 7
4,517 400%, 2000,0  50.0 1.0 0.0 0.0 0.010000.0 4 [}
FUEL CONSUMED= $139963 CGREATER THAN LIMIT =1%398,41
. HISSION TERMINATED IN TASK 7
4,601 4C05., 50.0 100.0 2.0 1.0 0.0 0.0 0.0 1 0% 7%0.94 % 4505.84 1840.0 6,00 0.
4.8,2 w00%, 50,0 200.0 3.0 1.0 0.0 0.0 0.0 1 0% 750.74 % 467%8.46 2790.7 9,00 ve
4.6,3 40035, 50,0 200.0 7.0 5.0 0.0 0.0 0.0 1 U % B74.44 ¢ 10512.28 3720.0 12,00 0.
4.6, 4 4005, 200.0 100.0 2.0 1.0 0.0 0.0 0.0 t o 50.74 % 67%3.46 2790.0 9,00 0.
4.6.5 4005,  200,0 200.0 2.0 5.0 0.0 0.0 0.0 1 08 B876.44 ¢ 13144,560 4630.0 15,00 0,
4.8.6 4005, 400.0 100.0 5.0 5.0 0.0 0.0 0.0 1 0 % 10B83.44 3 21648.80 4200.0 20.00 0.
4.6.7 4005, 400,0 500.0 10.0 5.0 0.0 0.0 0.0 1 0 ¢ 1083.44 ¢ 3T753.52 10230.0 33,00 0.
4.4.8 4005, 400,00 1000.0 10.0 5.0 0.0 0,0 0.0 { O s 1084,37 ¢ 44¢26,7% 13£30.4 43,00 0.
4.46,9 400S5. 400.0 1000.0  20.0 10.0 0.0 0.0 0.0 i [}
FUEL CONSUMED= 18094.,4 GREATER THAN LIMIT =13898.41
HISSTON TERMINATED IN TASK 3
4,6,10 400%, 400.0 1000.0 10.0 10,0 0.0 0.0 0.0 1 [+} d
FUEL COHSUMED= 14094.4 GREATER THAN LIMIT =15478,41
HIGS(ON TERMINATED IN TASK 4
47,1 A00%., 50.0 100.0 2.0 L.0 S0 0.0 0.0 1 0% B76,44 % 9640.84 3410.0 11.00 0.
4,72 £00S., 0.0 200.0 3.0 1.2 10.0 0.0 9,0 1 08 876,44 % 16452.36 5890.0 19.00 0.
4,7.3 400%, 50.0 200.0 2.0 5.0 10.0 0.0 0.0 1 0 % 1083,44 % 2303T.40 6A20.0 22,90 0,
4.7,4 400%, 200.0 100.0 2.0 1.0 5.0 0.0 0,0 1 08 874,44 % 12270.14 4340.0 14,00 0.
a.7.5 400%, 200.0 200.0 2.0 <0 10.9 0,0 0.0 1 0 8 1085,94 8 27M46LI0 77%0,0 2%.09 o,
ERaYS 4005,  400.0 100.9 5.0 5.0 5.0 0.0 0.0 1 0 % 10U, 44 3 270M4.D0  7750.0 2%, 2.
a7, 4005, 409,97 SO0 10.0 5.0 9.0 0.0 0.0 t 0
FURL COMYUROL- 19718.8 GRFATER THAN LIM[T (%00, 41 }
MI>sTUN PERMINATED TN TASK H
4,7.8 a0n%,  400.0 1900.0 10.9 5.0 %0.0 0.0 c.o 1 0 !
FUEL NONSUMED= S3772.6 GREATER THAN LIMIT 21537989, 41
' MI35I0N TERMINATED IN TASK |4 '
47,7 4005, 400,90 1000,0 20.0 10,0 %0.0 0.0 0.0 3 0
FUEL CONSUMED=™ 1,096.4 OREATER THAN LIMIT =1%5899.41
MISSION TEFMINATED IN TASK 3
4.7.10 4005, 400,00 1000.0 10.0 10,0 20,0 0.0 0,0 1 o .
FUEL CONSUMEN= 217467.1 GREATER THAN LIMIT =158798.41
MISSION TERMINATED IN TASK &
4.8.1 4003, 0.0 3500.0 3.0 10.0 0.0 0.0 0.0 1 ¢ % 1083.44 % 27086.00 ?750.0 29.00 0.
4.8.2 4005, 0.0 100,0 10.0 (0.0 0.0 0.0 0.0 1 0 s 1083.44 % 2383%.68 4820,0 22,00 0.
4.98.3 400%, 0.0 200.,0 10.0 51,0 0.0 0.0 0.0 & O % 1083.45 % 36837.29 10%44.1 34,00 0.
T 4.8.4 4003, 0.0 %00.0 20,0 %0.0 0.0 0,0 0.0 4 0
FUFL CONSUMERNs (7070.3 GREATER THAHN LIMIT 219A75), 41
- . TLr e et T 4
I '
1
]
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4.3.5 4005, 0.¢ 200.,0 20.0 100.3 2.0 2.0 9.0 4 2
FUEL CONSUMED= 2:085.5 GREATER THAN LIMIT =(5896.41
MISST{ON TERMINATED IN TASK 4 B

4.3, 40CT. 3.0 900.0 40.0 100.0 0.0 0.9 0.0 4 0
CUEL CONSUMED= 170%95.3 GREATER THAN LIMIT =1Z858.41
MI331QN TERMINATED IN TASK 3
4,7.1 4003, $0.0 0.0 0.0 0.0 0.0 %00.0 0.0 t 0% 751,86 % 127,49 478,53 1.50 Q.
4,7.2 4005, 50.0 9.0 0.0 0.0 0.9 2500.9 0.0 { D8 TH1.66 ¢ 1127,49 479,95 1,%0 BN
4,9.3 400%, 50.0 0,90 0.0 0.0 0.0 5000.0 0.0 1 O ¢ 7T1L.646 % 1127,49 478.5% 1.%50 Q.
4.7,4 4005, %00.0 0.0 2.0 0.0 0.0 500.0 0.0 1 O ¢ B874.34 ¢ 9203.70 32483.5 10.% Q.
4.?.5 400%. 500,90 0.0 0.0 0.0 0.9 2%00.90 D] 1 O ¢ 876,54 % 9203.70 3268.5 10.%50 [V
4.7.8 4005, %00.0 Q.0 0.0 2.0 0.0 $000.0 0.0 1 C ¢ 874,54 % 9203.70 3268.5 10.50 0.
4,9.7 4005, 2000.0 2.0 0.0 0.0 0.0 %00.0 0.0 1 O ¢ 1084.35 ¢ 439146.3% 13018.0 40.50 ).
4.7.8 400%. 2000.0 2.0 2.0 0.0 0,0 2500.0 ¢.0 1 ¢}
FUEL CONSUMED= |3944.2 GREATER THAN LIMIT =213643.41
MISSION TERMINATED [N TASA 5
4.7.9 400%. 29900.0 Q.0 0.0 0.9 0.0 %000.0 0.0 1 0
FUEL CUNSUMFDi= 15372.5 GREATER THAN LIMIT =11359.41
MISSION TERMINATED [N TASA 1
4.7.10 400%. %9200.9 2.0 9.0 2.0 0,0 T000.0 Q.0 i o]
FUEL CONSUMED= 8120458 GREATER THAN LIHIT =11398.41
MISSION TERMINATEL (N TASA 1
4.10,1 4005, 10.0 19040 2.0 1.0 1.0 300,90 0.0 i 0 % 791,10 ¢ T032.38B I090.3% 6.70 0.
4,10.2 400%, 129.0 10.0 2.0 0.% 0.0 500.0 ¢ 0 1 O ¢ 751,15 ¢ 3905.37 1073.3 .20 (o
4,10.3 40905, 200,20 200.0 2.0 2.5 1.0 300.0 9.0 t 7 ¢ 376.53 ¢ 10318.346 3733.5 12,00 Q.
Seial 1734, 0.0 2.0 1.9 25,0 0.0 0.0 0.0 ! 100 ¢ LUR3.(S2 ¢ 28171.42 BOB7.0 26.00 2600,
5 1.2 1734, 0.0 0.0 1.0 0.0 0.0 0.0 0.0 2 100 v 874.44 8 15483.77 S474.7 L7.47 1760,
50,3 1734, 200.0 0.0 1.0 -] 0.0 Q.0 2.0 { SO ¢ 105,44 8 32503.20 9300.0 30.30 1500,
Selud 1734, 200.0 [V IR] 1.0 50.0 0,0 0.0 0.0 2 TO ¢ 10B3.d4 8 23474.53 5716,7 2),87 1083,
TS24l 1734, %0.0 0.0 0.0 50.0 0.0 0.0 9.0 2 29 ¢ 876,44 ¢ L15483.77 54746.7 17.47 441,
W22 1734, 100.0 2.0 0.0 25,0 0.0 0.0 0.0 2 2% ¢ 876,44 ¢ 90T6,%5 3203.3 10.33 8.
5.2 1734, %00.0 Q.0 0.0 25.0 0.9 0.0 0.0 2 SO ¢ 8746.4a4 ¢ 146C48.07 %683.3 18.33 ‘18
S5.3.1 1734, 0.0 100.3 Q.0 0.0 0, 100.0 0.0 1 2% 751.37 % 1£78.43 788.5 2.50 S
5.3.2 17234, 0.0 200.0 0.0 Q.0 0.0 100.0 2.0 1 2 ¢ 7%1.18 % 3380.34 1408.5 4,350 9.
T.3.3 1734, ¢G.0 T00.0 0.0 0.0 0.0 100.,0 9.0 1 2% B76.%54 ¢ 920,70 3I246.3% 10.50 21,
53,4 1734, 9.0 1000.0 0.0 Q.0 0.9 100.0 0.0 1 Dos 10683,49 ¢ 2D2211.50 &3468.% 10,50 41,
ETE ER 563, 50,0 20.0 3.0 0.0 0,0 0,0 0.0 1 100 ¢ 7%0.94 % 3304,14 1364.0 4,4¢C 440,
5.1.2 265, 100.0 50.0 4.0 0.0 0.0 20 0.0 1 100 ¢ 750,94 % 4£7%8.45 2790.0 ?.00 200,
6.143 %65, 100,00 100.9Q 12.0 0.0 0.0 0.0 0.0 1 100 ¢ B74.44 $ 14023,04 4740.0 14.00 16VC,
5.1.4 %63, 790.0 S0.2 6.0 0.0 0.0 9.0 0.0 1 100 ¢ 874,44 ¢ 9640,94 3410.0 11.09 1100,
6.1.5 6%, 200.0 199.0 12.0 0.9 0,0 0.y 0.2 1 100 ¢ 87&.,44 ¢ 15775,92 9580,0 18.00 1800
A.241 5465, 0.0 30.0 4.0 2.0 0.0 9.0 0.9 1 0O ¢+ /%0.94 8% 37%4,7 15%0.0 J3.00 (VN
6.2.2 %465, 0.0 109.0 4.7 0.0 n.,0 PRV 0.0 t O % 750,94 3 4Z0S.s¢  1040.0 6.00 DA
5.2:3 545, 0.0 2.0 7.0 J.0 0,0 .0 V.0 i ¢ $8 730.94 8 46007.,52 2480.0 9.00 Q.
6.2.4 549, 0.0 100.0 7.0 Q.7 0.0 0.9 0.2 1 0O ¢ 750.94 % 4733.46 2799, g.c0 Q.
$.2.¢ 565, 0.0 100.0 10.9 2.0 2,0 9.0 0.2 1 0 s @7&6.44 ¢ 10O512.29 3720, {2.00 0.
6.3.1 6T, 0,0 0.0 4.0 0.9 D.,2 100.) 2.7 1 1% ?2%1.18 8 3OO0, (GRS 4,50 Y
9.3.2 LT 2.0 DI 4.0 DED] a0 270 DD 1 1t T30 ¢ 3IA0.7% 171647 .59 4.
5.3.3 C6%, 2.0 0.0 N0 0.) 9.2 190.9 9.0 1 18 109%.50 ¢ 22254.89 a?04,5 10,70 20,
5.3.1 T6%. 2.0 2.9 hORR 2.0 0.0 2200, 0. t S8 LORT, 80 $ I22%4,A0  470u.% D0.%9) RON
6.3.2 “e%. 1009 9.9 4.9 O.v 0,0 jun.9) 0.0 1 1% 791,10 % 48R0 09,7 45,50 5.
40305 635, 100,29 Q.0 4,0 2.9 0,2 27009 0.9 3 1 ¢ 731.11 8 4392, 19 2029.% &.%0 5.
4032 6%, 10C.Q 9. 20.0 0.0 0,0 100.9 0.0 ! 1 ¢ 1033.49 8 24374,38 6798.%  22.%0 22,
6,3.3 65, o090 0.0 0.0 0.0 9,0 27065.0 9.0 1 1 % 1083.,492 ¢ 24379,40 0?90.% LJ.%0 22,
7.0 774, 0.0 0.0 0.0 1.0 0.0 0.0 Q.0 ! 2000 ¢ 7%0.94 ¢ 1501,08 429.0 2.)¢ 4000,
J.oi.2 776, 70.0 0.0 2.0 .0 0.0 0.0 0.0 t 00 ¢ 7%0.74 % 4%05,44 1840.0 6.00 3000.
R | 774, 50.0 2.0 2.0 2.0 0.0 2.0 0.0 1 100 ¢ TO.94 ¢ 137%4,70 “N0.0 .00 S0,
7.1.4 776, 20.0 0.0 4.0 2.0 9,2 0.0 Q.0 1 100 ¢ S0.94 ¢ 52T6 T8 170,90 7.00 700,
7.1.5 74, 100.0 2.0 0.0 1.0 0,90 0.0 Q.0 1 S00 % 750.94 ¢ 2272.92 ?30.0 3.00 1230,
AR RN 776 100.0 0.0 0.0 3.0 0.0 0.0 0.0 1 100 ¢ 7%0.94 % 3256.%8 2170.0 7.00 700.
L 774, 100.0 0.0 2.0 3.0 ¢.0 0.0 0.0 1 0¥ TO.94 F S2W6H.TYH 2170.0 7.00 350,
.18 776. 100.0 0.0 4.0 3.0 0.0 9.0 0.0 1 0% 750,94 8 47T8.44 2790.,0 ?.00 AN
7.1.9 770, 100.0 Q.0 10.0 5.0 0,0 9.0 9.0 1 S % H76.44 % 14077.48 %270.0 7.00 8%,
7.1t 774, S00.0 9,0 0.0 1.0 0.0 0.0 0.0 1 200 8 HN4.d4a % 9640,8% FA1I.9 11.00 2200,
S tmL ) 0.9 n.0 .0 2,0 n.9 0.9 1 IN0 8 B74,44 % 13145.40  44%I.0 LA I,
H-8
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710413 7?76, 500.0 0.0 10.0 5.0 0.0 0.0 Q.0 1 25 ¢ 1083.44 % 17086.00 77%0.u 25,00 625,
?.1014 776+ 100U.0 Q.0 0.0 1.0 0.0 0.0 0.0 1 100 ¢ 1083.44 ¢ 227%52,24 4£51).0 21.00 2170,
Tal1a1s 776+ 1000.0 0.0 0.0 *10.0 0.0 0.2 0.0 1 SO ¢ 10B3,.44 ¢ 3I2%03.20 9300,0 30.00 1500.
7 1016 776+ 1000.0 0.0 2.0 J.0 0.0 c.0 0.0 1 2% % 1083.44 ¢ 29252,38 H370,0 27.00 6?3,
70417 776+ 1000.0 0.0 19.0 5.0 0.0 0.0 0.0 1 T 8 1083,44 ¢ I7920,40 108%0.0 35.00 175,
7.2 726, 50.0 0.0 2.0 1.0 0.0 %00.0 0.0 1 fvo ¢ 7%1.18 % 3380.731 1408.3 4,50 450,
72.2.2 774, 50.9 2.0 2.0 3.0 0,0 £00.0 0.0 1 S0 1 741,97 ¢ 63B4.07 2648.5 8.50 a0,
Sl 774, $0.0 ¢.0 2.0 5.0 0.0 1000.0 0.0 1 100 ¢ 751,07 ¢ 4384.07 2648.5 3,50 870,
2.2.4 774, 100.0 0.0 2.9 3.0 0.0 300.0 2.¢ 1 08 TH1.08 8 B433.13 2338.9 7.50 150,
7.2, 774, 100.0 0.0 240 3.0 0.0 1000.0 0.0 1 20 4 751,08 ¢ %633.13 2338.% 7450 190,
7.208 774+ 300.0 0.0 2.0 3.0 0.0 500.0 0.0 i 19 % 874,51 ¢ 1358%5.90 4818.5 15.%0 155,
02,7 774 300.0 0,0 2.0 3.0 0.0 1000.0 0.¢C 1 20 ¢ B74.%51 ¢ 13585,90 4818.35 15.50 310,
2.2.8 776+ 1000.0 0.0 2.0 3.0 J.0 500.0 07 1 10 % 1083.48 ¢ 29795.48 8538.,5 27.%0 2735,
Sa31 774 50.0 ¢.0 2.0 1.0 1.0 %00.0 0.0 1 S ¢ 731,14 ¢ 4131.2% 1718.9% S.50 27
7.3.2 774, 100.0 0.0 2.0 1.0 1.0 500.0 0.0 1 S % 751.:1 ¢ 4882.'9 2028.5 8.50 2.
7.3.3 776, 590.0 0.0 2.0 1.0 f.0 %$00.0 Q.0 1 T b 834,51 % 12707,46 4508.5 14.950 72,
7.3.4 726+ 1000.0 0.0 2.0 1.0 1.0 %00.0 0.0 1 S % 1083.48 ¢ 24945.36 7408.5 24.50 22,
7.4.1 776 50,0 0.0 2.0 1.0 1.0 0.9 25.0 1 100 8 743,87 ¢ 5%94.05 168%0.0 7.50 750,
7.4.,2 774, 0.0 2.0 4,0 1.0 1.0 200.0 25.0 1 50 ¢ B872.7% » 9727.48 2638.5 10.00 %00,
7.4.3 776, 160.0 0.0 2.0 3.0 1.0 0.0 50.0 1 25 ¢ 570,57 ¢ 11517.72 3080.0 13.900 325,
7.4,4 174, 100.0 0.0 4,0 3.0 1.0 %00.0 30.0 i 5 % 371,41 % 13509.90 3848.5 19,50 77,
7.4.5 7746, S00.0 2.0 2.0 3.0 1.2 9.0 2%0.0 1 3 8 1074,17 ¢ 44041.93 7940.0 41.00 20s,
7.4.8 776+ 500.0 0.0 4,0 3.0 1.0 %00.0 250.0 1 T % 1074.73 ¢ 447%0.72 8748.,5 43.%0 217,
7.9.1 776 €0.0 0.0 2.0 1.0 1.0 0.0 0.0 1 1500 ¢ 750.94 ¢ 37%4.70 15%0.0 5.00 7%00.
7.5.2 -x 50.0 0.0 4,0 1.0 1.0 0.9 0.0 { 300 ¢ 7%0.,94 % %52%4.38 2170.0 7,00 500,
7.5.3 776, 100.0 9.0 2.0 3.0 1.0 0.0 0.0 1 200 ¢ 750.94 % 4007,32 2480.0 8.090 1600,
7:5.4 776, 100.0 0." 4.0 5.0 1.0 0.0 0.0 1 100 ¢ B76.44 ¢ 10517.,28 3720.0 12.00 12)0.
7.5.5 776,  500.0 0.0 2.0 5.9 1.0 0.0 0.0 1 100 3 R746.,44 8 (5775.72 353580.0 18.00 1800,
2.346 ??6s  500.0 0.0 4.0 3.0 1.0 0.0 0.0 1 S0 8 B746.44 % 157735,?27 53I8C.2 18 00 900 .
7.5.7 77464 1000.0 0.0 2.0 3.0 1.0 0.0 0.0 1 100 ¢ 1083,44 3 29'49.44 B060.0 24.00 1600,
7.5.8 776 1000.0 0.0 4.0 3.0 1 0 .0 0.0 1 50 ¢ 1083.44 ¢ 30334.32 8680.0 28.00 1400,
7:641 776 30 0 0.0 1.0 1.0 0.0 0.0 25.0 . 1000 ¢ 744,03 3 4092.,17 1230.0 5.50 $500.
7.6.2 7746, $0.0 0.0 4,0 1.9 0.0 0.0 25.0 1 0 % 746,47 % &344.99 2160.0 8.50 170,
7.46.3 774, 100.0 0,0 1.0 3.9 0.0 0.0 50.0 1 100 ¢ 869.53 4 7%44,84 2440.0 11.00 1100,
7.6.4 776, 100.0 0.0 4.0 3.0 0.0 0.0 0.0 ' S ¢ 871.01 % 12194,14 3390.0 14,00 70.
7.6.% 7?56, 300.0 0.0 1.0 3.0 7.0 0.0 7%0.9 i 45 ¢ 1073.70 % 41874,16 7340,0 39.00 975,
2.6:6 774. 10C0.0 0.0 1.0 3.0 0.0 0.¢ 3500.0 1 2 % 1073.17 % /9414,56 13440.0 74,00 140,
8.1.1 1734, 0.0 0.0 2.0 1¢.97 0.0 0.0 0.0 ° 25 ¢ 730.94 % 2503.13 1033.3 3.33 83,
9.1.2 1734, 0.0 0.0 0.0 13.0 [ 0.0 0.0 2 Jo ¢ 730,94 % 37%4.70 13%0.0 3.00 150.
B.1.3 1734, 0.0 0.0 0.0 40.9 0.0 0.0 0.0 2 100 ¢ 10B3.44 3 21568.80 6200,0 20.00 2000, b
B8.1.4 1734, 1Co.0 0.0 0.0 30.0 0.0 0.0 N o 2 25 & 976,44 % 10517.29 3720.,0 12,00 300, 4
g.1.5% 1734.  400.0 9.0 0.0 30.0 0.0 9.0 0.0 2 25 % 876,44 % 13775,92 35380.0 .8.00 450,
H.l,8 1734, %00.0 2.0 0.0 12,0 0.0 0.0 Ve 0 1 J0 ¢ 1083.44 % 23835.48 4820.0 22,00 1100.
8.1.7 1734, 800.0 [V} 0.0 100.0 0.0 0.0 0.0 2 75 ¢ fuB4, 10 % 53482,43 15702.46 49.33 3700,
8.1.8 1734, 1200.0 9.0 Q.0 60.0 0.0 0.0 0.0 2 73 % 1083.33 % 474676.41 13703.2 44.00 3300,
FROOAM |
|
QUKATION SL3LII0 TIHE NUMBER CF FROFILES NURMPER OF MI33IUNS
. 10 235.00 3 30
20 210,00 2 20
‘ 30 v, 00 0 o
g 40 0,00 [} G
‘ %0 2.00 0 0
‘ 60 0.00 0 Q .
. 70 0,900 0 0
4 go 0.00 Q 0
L ?0 0.00 Q 9
100 0.00 Q o
2100 Q.00 30 8117
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